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PEEFACE. 



The past decade has registered many changes in the practice of 
orthodontia. Some of these have truly contributed to its advance- 
ment and, because of this, have lived and become a part of the 
fundamental principles of the science. Others have been but 
temporary, for they have been unable to withstand the exacting 
analysis of practical application. Out of the whole has been assem- 
bled much which has added to our abilities to contribute to human 
health and happiness. 

The teacher of orthodontia is confronted with many problems 
which so far as dentistry is concerned, seem to be peculiarly his 
own, for few other branches have passed through so rapid an evolu- 
tion. Methods of teaching, like methods of practice have by no 
means reached that degree of exactness which has been experienced 
by some branches, so that we are called upon to elect from the past 
and present those which will prove safe and sane for our students 
to follow. 

One of the first and most difficult tasks which the teacher must 
face is that of establishing in the mind of the student a correct 
conception of the real aims and problems with which orthodontia 
is concerned. The old and erroneous idea that the chief object in 
studying the subject is to learn to manipulate mechanical appliances, 
seems in too many instances to have a firm hold both upon students 
and dentists. 

This misconception is doubtless contributed to by the numerous 
advertisements of orthodontic mechanism appearing in our pro- 
fessional journals, some of which make extravagant and sometimes 
misleading claims. Through this medium as well as by other 
methods of propaganda more subtle and far-reaching, many appli- 
ances are sold to the profession, some of which are good, some 
mediocre and others hopelessly bad. 

Regardless of the virtue or lack of virtue of these commercialized 
products, the constant publicity given to them proves confusing to 
the uninitiated, and diverts the attention from those more important 
phases, the biologic fundamentals so essential to truly successful 
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CHAPTER I. 
THE OBJECT AND SCOPE OF ORTHODONTIA. 

In entering upon the study of a science which popular rumor has 
erroneously designated as being chiefly concerned with the various 
mechanical methods employed to move into their normal positions 
teeth which have deviated from the normal arrangement, the student 
should first endeavor to grasp fully and in their correct light the real 
problems entailed and embraced by orthodontia. 

Orthodontia Defined.— Orthodontia has been defined as ''that 
science which has for its object the correction of malocclusion of the 
teeth''^ and while such a definition expresses in a brief way the object 
of orthodontic operations, the writer feels that the problems con- 
fronting us and the scope of the field embraced may be more fully 
expressed in defining the subject as follows: 

Orthodontia is a study of growth and development; it seeks to deter- 
mine the factors which aid in bringing about the normal development 
of the dental arches and functional perfection of the teeth and their 
correlated parts, and aims to learn the influences necessary to maintain 
these conditions when once they have been established. 

At the very outset then it should be obvious to the student that 
orthodontia is not a mechanical art as popular rumor would have it, 
but is largely a biological problem. However it does not necessarily 
follow that mechanics has no part in it foe such an inference would 
be as far from the truth as to say that it was wholly mechanical. 
Just as in orthopedics and in other branches of medicine and 
surgery, mechanics and mechanical means must be used, so in 
orthodontia we must utilize mechanical means to bring about the 
biological and physiological processes which in turn make possible 
the normal development and functional perfection of the teeth and 
their correlated parts. 

The Prevalence of Malocclusion.— Orthodontia as an art and science 
has been evolved as the result of necessity, for the prevalence of 

1 E. H. Angle: Malocclusion of the Teeth, seventh edition. 
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malocclusion of the teeth among the civilized peoples of the world 
is existent to an appalling degree. Even the most casual observation 
will impress one with this fact if they but take the trouble to study 
the faces and mouths of those with whom they are in daily contact. 
In many instances the condition may be but trivial but a close 
observation will reveal the fact that hundreds or even thousands 
of people are afflicted with maloccluding teeth which have not only 
seriously impaired the functional efficiency of the masticatory ap- 
paratus, but have stamped the faces and mouths of those afflicted 
with the indelible mark of deformity. 

While this condition of affairs has impressed itself upon us with 
great emphasis of recent years, it is by no means a new problem for 
maloccluding teeth have been one of man's afflictions for ages. 
Among the civilized races it is far more prevalent than among the 
savage races; in fact it seems to increase as man ascends the scale 
of civilized ways, fhe importancey therefore, of a science which 
seeks to determine the factors which aid in bringing about the normal 
development of the dental arches and functional perfection of the teeth 
and their correlated parts, and aims to learn the influences necessary 
to maintain these conditions when once they have been established needs 
no emphasis. 

Although orthodontia is young as a science, it has already, through 
its benefits to humanity, established for itself an enviable place 
among the healing arts. Its most rapid development has occurred 
since the recognition of the principle that ** normal occlusion is the 
basis of the science of orthodontia,'' and that only through the 
establishment of the teeth in their normal relations and the harmon- 
izing of all the forces related to occlusal function can the real object 
of corrective processes be realized. 

The Aims and Benefits of Orthodontia.— In considering the aims 
and benefits of orthodontic treatment to the individual we should 
not imagine them as being limited to the mere restoration of the 
teeth to their normal functional relations for the mastication of 
food for, laudable as is this objective, the teeth must fulfil still other 
functions of equal importance. In speech, in respiration and in 
fact, in the general plan of growth and development of the face and 
skull, they are an important factor, for we must not lose sight of the 
fact that the occluding teeth are surrounded and supported by 
tissues and structures whose development is dependent to a large 
degree upon the stimuli which comes from their normal functioning. 
In fact they constitute a central harmonizing agency, which if 
interfered with, is reflected into the surrounding structures as arrest- 
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ments of development, the extent and severity of which are in direct 
proportion to the loss of function of the occluding teeth. 

In addition to the aims and benefits already mentioned there is 
still another which maj' be termed psychological in character. 
In the competition of life the individual is entitled to every advan- 
tage which is rightfully the heritage of nature. Given a reasonable 
degree of health and mental equipment, a growing child may cope 
successfully with its environment and develop traits and attributes 
which make for success and happiness. If truly successful, he or 
she must develop a personality which is characteristic of it, that is, 
one which truly reflects the habits and character of the indi\iduak 




Personality is perhaps the greatest factor in life and while it is, 
strictly speaking, not a physical attribute, the mental attributes 
are reflected more or less in the physical. At least this is true as 
far as our judgment of people is concerned. First impressions are 
often lasting, hence the importance of the manner, the bearing, the 
flgure and the face of the individual. 

A child with a receding chiv, protruding upper teeth and short, 
tinder-developed upper lip is often judged stupid because of its appear- 
ance. A child judged stupid will, soon divine the attitude of those 
who so judge it, and will become more or less convinced that it is 
stupid, and frequently- develop traits of indecision and weakness, 
and will begin to doubt its abil!t\' to successfully cope with its en- 
vironment. A child who is mentally strong enough to rise above 
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such influences will stiii be keenly sensitive of its misfortune and as 
a result will suffer great unhappiness. The attention of the reader 
is called to Fig. I which shows the disfiguring effect of maloccluding 
teeth. In Fig. 2 are shown the models of the teeth and arches 
possessed by this child. 

The unfortunate facial disfigurement described above is but one 
of the more common types of deformity which are the direct result 
of maloccluding teeth. There are others equally as disfiguring to the 
balance of the features and quite as misleading as to the personality 




of the individuals who possess them. The protrvding mandible, 
with its resulting pugnacious appearance, has often caused to be 
attributed to its owner traits of character entirely foreign to his or 
her natural tendencies and yet a child so aflHicted cannot but surmise 
the attitude of those who judge it and be impressed unfavorably or 
be made unhappy. (See Figs. 3 and 4.) 

Even if maloccluding teeth do not result in the loss of the normal 
mesio-distal relationship of the two arches which is so essential to 
the balance of the physiognomy, a mouth full of teeth at i 
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wUk normal arch form constitute a disfigurement which must be 
displayed at every contact with other fellow beingis and must there- 
fore prove an ever-present source of embarrassment. Fig. 5 shows a 
typical case of this character. 

With such handicaps the growing boy or girl cannot easily develop 
the self-poise and self-confidence which are so essential to success and 
happiness in later life. Let us conclude, therefore, that in addition 
to the aims and benefits already mentioned, one of the chief objects 
of orthodontia is to make possible the normal development of the mouth 
and its correlated structures so that the child may have imprinted 
upon its face a personality which is a true expression of its character. 




3.— The disfiguring effect of the Fio. 4. — The appearance of the face 

protruding mandible. after the teeth and arches have been 

restored to their normal relations 

through orthodontic 



In order that development may proceed in the most advantageous 
manner to the growing child, it is highly important that corrective 
measures, if they are indicated, should be instituted early in the life 
of the individual, as early, in fact, as malocclusion of the teeth shall 
become manifest. Such a statement is in marked contrast to the 
teaching of a generation ago when the common advice to solicitous 
parents of young children with developing malocclusion was to " let 
the teeth alone and Nature will correct them." Such advice has 
not only been proven an illogical and false doctrine but has been the 
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cause of thousands of children having deformities fixed upon them 
for life through the delay occasioned by such counsel. 

The development of the completed normal denture requires a 
long period of time for when \-iewed in its correct light we realize 
that the process of growth and development in the mouth and its 
associated structures is in progress at least in some degree up to the 
time the indivi<lual reaches maturity. E\'en when this time is 



Fia. 5. — The marring effect upon 




id and the teeth exposed. 



'hich results wheueve 



reached the masticatory apparatus is subject to change as the result 
of factors incident to its environment and the life condition of the 
individual. 

The Nature of the OrUiodontia Problem.— As the development of a 
normal denture is but a sequence of growth and de\-elopment 
which has progressed unimpeded we must realize at the onset that 
the same physiological laws are operative in the mouth and skull 
as are present in the other parts of the human organism. We are 
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of course most deeply interested in the manner of operation of these 
laws and processes as they are active in the mouth and its correlated 
structures but we should not fall into the error of attempting to segre- 
gate our special field from the rest of the body, for the study of growth 
and development in all its phases is necessary to a correct compre- 
hension of some of our most important problems. 

If we are satisfied to limit our studies to a consideration of the 
structures of the teeth, the maxillary bones and their supporting 
and contiguous tissues as we find them we will fall far short of the 
requirements which orthodontia imposes upon us for such studies 
will but reveal the results of development both normal and abnormal. 
What we must consistently and persistently attempt to do is to 
acquire a better understanding of the vital processes responsible for 
organic life and their relationship to form development and form 
conservation. 

This object, if we obtain it, involves the study of biology and its 
allied subjects for if orthodontia is concerned with growth and 
development, it is logically to be considered a biological problem. 
If this assumption is correct and anyone giving the subject thought- 
ful consideration will admit it, the student of orthodontia is con- 
fronted with a field of study which is limitless in its scope and 
worthy of the efforts of the best minds. 

The brevity of this text precludes the possibility of anything 
more than a very brief discussion of the biological phases of growth 
and development and their applicability to our field, but it is hoped 
that the student will be influenced to give further thought to and 
continue his interest in the subject. 

Biological Factors.— The factors that determine the initiation, 
course and outcome of development have been roughly classified 
by biologists into intrinsic and extrinsic factors or causes. The 
intrinsic factors or causes are those which are dependent upon or 
incident to the protoplasmic structure of the germ stuff and are 
largely the guiding and determining factors in development, while 
the extrinsic factors or causes are largely such as supply the stimulus 
and energy for development. ''In order to understand just what 
part each one of the various developmental factors or causes play, 
there is necessary a most thorough analytical study of development, 
and an attempt to determine in measurable or quantitative degree 
just what specific effects each factor produces."^ 

In studying the development of individual organs or groups of 

^ Jordan and Kellog: Evolution and Animal Life. 
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organs it is but natural and logical to consider their developmental 
history as being influenced by two distinct periods, first of which is 
concerned with their formation prior to the establishment of function, 
and the other the period of differentiation and growth which follows 
and is dependent upon function, 

"The first period is one of self-differentiation in which the parts 
are formed in anticipation of function; and the second period is one 
of functional development, in which the organs are perfected through 
functioning, and only through functioning. The first period includes 
the directly inherited structures, growth and development taking 
place before they began their specific function. The second period 
includes the further differentiation and maintenance in their typical 
form of the parts laid down in the first period, and as brought about 
by the specific function of the part. This period brings to pass 
the finer functional harmonies of the organism.''^ 

These two developmental factors or causes should not be con- 
sidered in the light of separate and independently working forces 
for they cannot be definitely separated one from the other for both 
are effective and necessary to the completed normal structure. The 
developing structure is not the cause of function nor is the future 
function of the part responsible for the structure but each is depen- 
dent upon the other and both must evolve together. In short, they 
are inseparable and anything which modifies or changes one affects 
the other and results in its modification. 

Lest the student become confused as to the applicability of these 
biological facts to orthodontia, it is not amiss to again emphasize 
the facts that the tissues with which we are so deeply concerned 
embrace the principal tissues of the general organism, viz., bone, 
muscle, vascular and nervous tissues as well as the teeth. 

These living tissues as they are combined to make up the face and 
jaws, and their supporting muscular framework and nutritional 
accompaniment, are inseparably associated and bound together. 
In origin these structures are biologically regarded as belonging to 
both the periods of development alluded to, viz., tissues formed 
prior to function and those dependent upon function. 

For instance, the teeth are regarded as purely non-functional 
tissues as they are directly inherited and are not changed or improved 
in form after being influenced by function, their only modification 
being the result of abrasion through use, or partial or complete 
destruction through disease. 

^ Russell, E. S.: Form and Function. 
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Bone is considered a functional tissue and perhaps nowhere is it 
more perfectly demonstrated than in the supporting bony structures 
of the mouth where the alveolar process appears with the teeth, is 
modified to support and accommodate them regardless of their 
arrangement, and disappears when the teeth are lost. The same 
adaptability is shown in the long bones as is exemplified where one 
of the long bones is broken and so repaired that the parts lie some- 
what out of their former place. After the process of repair and 
healing in such cases, the bones in the region of the break become 
modified in accordance with the changed lines of tension and 
eventually the functional needs of the part are restored. 

So also are vascular, nervous and muscular tissues influenced by 
function, especially after their early rudimentary formation in what 
we have alluded to as the first period of development. 

We have then combined in the masticatory apparatus tissues and 
structures some of which are purely functional, such as the alveolar 
bone, and some of which are non-functional, while the others com- 
bine the two elemental characteristics. 

"This assemblage of structures, varying in developmental nature, 
is organized in anticipation of a definite function to harmonize them. 
The teeth are surrounded and supported by tissues whose develop- 
ment depends upon the stimuli of function, while the development 
of tooth forms, under normal conditions, is not known to be influ- 
enced in the least by function, hence, from the physiological charac- 
ter of the oral tissues, the force to harmonize them is that which will 
adopt the functional structure to the requirement of the tooth 
forms, namely, the specific function of mastication,''^ 

*'The growth of the different parts and structures is not uniform 
in all directions. All manner of structural differences come into 
play, setting up unequal resistances. The sources of growth are 
not uniformly distributed; one tissue may show a tendency to 
increase and another does not; the bones, the intervening cartilages 
and the surrounding muscle may show different rates of increment. 
Under normal conditions, these differences in rates of growth are 
harmonized by the specific function of mastication. In the absence 
of this specific function, the definite forming influence of this part 
of the organism is missing, and atypical form, i. e,, form without a 
typical character, appears.''^ 

It should therefore be apparent to the student who seeks to learn 
the means whereby the benefits of orthodontic operations may be 

' Johnson, A. LeRoy: The Dental Cosmos, No. 5, vol. Ix. 
« Ibid. 
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realized , that superficial and half-way measures will but court 
eventual failure, Corrective measures when instituted must be 
carried to the point where the teeth, dental arches, jaws and their 
correlated structures are restored to the relationship which will 
make iK)ssil)le their normal use in the varied functions which they 
are naturally sui)posed to perform. Even when this end has been 
attained, we cannot feel that the benefits will be permanent unless 
the process has been carried out in a manner to make the develop- 
mental changes adaptive to the physiological and functional 
requirenients of the human mechanism as a whole. 



CHAPTER 11. 

THE GROWTH OF THE MASTICATORY APPARATUS. 
THE RELATIONS OF THE TEETH AND ARCHES IN 
NORMAL OCCLUSION. THE FORCES GOVERNING OC- 
CLUSION. 

In order that we may appreciate more fully the changes which 
take place in the jaws during the progress of growth from embryonic 
life to adolescence, or even maturity, a brief review of the changes 
occurring in these structures during this period will not be out of 
place. 

Growth and development in preparation for function begins early 
in the life of the individual. By the end of the fourth month of 
embryonic life, bone formation from the various centers in the 
maxillae have progressed to the point where they have become 
united and a periosteum is formed. The tooth germs of all the 
deciduous teeth have formed and from these have also started the 
germs of those of the permanent teeth which will later succeed 
them, and about the same time, from an independent invagination 
of the dental ridge, the first permanent molars commence their 
development. As the crowns of the teeth are formed, they are 
enclosed within crypts or walls, the aggregate of which, in each arch, 
go to make up the cribriform plates. 

THE GROWTH OF THE MASTICATORY APPARATUS. 

At birth all the deciduous teeth are present in their crypts and the 
mandible describes practically a straight line from the condyle to 
the symphysis. 

About nine or ten months after birth the incisors push their way 
through their crypts and begin to erupt, the growth of their roots 
forcing them occlusally. As they erupt the bone grows up around 
them affording them support and increasing the thickness of the 
bone from below upward in the mandible and from above downward 
in the maxillae. 

By the end of the first year all the incisors have usually erupted 
and the molars and cuspids (deciduous) are undergoing rapid 
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development. By this time, the mandible has lost its straight line 
appearance and the angle has become more apparent. 

At about the eighteenth month, the first temporary molars erupt, 
to be followed soon afterward by the cuspids. With the eruption 
of these teeth and the development of the bone which supports 
them, there is a thickening of the bone from below upward in the 
mandible and from above downward in the maxillae. As the result 
of the developmental activity of these teeth, and also from the 
continued development of their roots, the lower deciduous incisors 
are carried upward, outward and forward, and the upper incisors 
are carried downward, outward and forward. In other words, there 
is under normal conditions, a continued progressive development 
resulting in the enlargement of the deciduous arches and their 
supporting bony structures. 

Between the twenty-fourth and the thirtieth month, the second 
deciduous molars erupt, completing the deciduous dentition. 
Development of the contiguous bony structures however continues 
for by this time the developmental activity of the permanent teeth 
becomes marked and as a result of the stimulating pressure from 
within, the upper deciduous teeth and their supporting structures 
are carried downward, outward and forward, and the lowers are 
carried upward, outward and forward. 

Under the influence of the developing permanent teeth, as well as 
the other factors influencing growth and development, the growth 
of the deciduous arches is continued without any marked incident 
until about the sixth year when the first permanent molars put in 
their appearance. The eruption of these teeth and their establishment 
in their normal occlusal relationship constitutes what may justly be 
termed the most important epoch in the development of the masticatory 
apparatus. 

Because of their size and important position, they must be used 
heavily in mastication, especially during the period while the 
deciduous teeth are being shed and replaced. They also serve the 
important function of maintaining through the influence of the 
inclined planes of their cusps the normal mesio-distal relationship 
of the upper and lower arches. The importance of this function 
cannot be over-estimated and its value is fully realized when we 
remember that by the time the first molars are well established, the 
cusps of the deciduous molars have usually become well flattened 
from wear. Having become established in their normal relation- 
ship, they exert a favorable influence upon the permanent teeth 
which later erupt both anterior and posterior to them, by making 
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possible their normal interlocking with their opposing teeth upon 
eruption. 

In addition to the foregoing, they constitute what might be 
termed a fulcrum which balances the occlusal and muscular stresses 
in and about the mouth and thereby fulfil an important and 
necessary function in the development of the arches. 

Realizing all this, Dr. Edward H. Angle has called the first molars 
"the keys to occlusion'' and has made them the basis of his classi- 
fication of malocclusion, a classification which is accepted almost 
without exception by scientific orthodontists. 

The growth and development of the teeth and arches from the 
sixth year to the time when development is complete may be 
roughly divided into two periods. The first is concerned with the 
growth and eruption of the permanent incisors and cuspids, while 
the second relates more to the similar activity of the bicuspids and 
second molars. 

At the sixth year all the deciduous teeth are still in place with 
perhaps the exception of the lower central incisors. The permanent 
incisors lie to the lingual vof the roots of their deciduous predecessors 
and as a result of the development of their roots, the direction of 
growth of these teeth and their bony investments is downward, 
forward and outward in the upper, and upward, forward and out- 
ward in the lower. Although the cuspids are not to erupt for a long 
period, their development aids in the plan of development being 
carried out by the incisors as the crypts holding these teeth are, in 
the case of the uppers, placed well up against the solid bone of the 
molar process, while the lowers occupy a position well down toward 
the cortical plate of the mandible. Hence with the development 
of their roots, the crowns are forced upward or downward, as the 
case may be, and the direction of growth of the incisors is simulated. 

By the seventh or eighth year, the incisors have usually erupted 
and are in occlusion, and the cuspids are undergoing steady growth 
with which has come a resultant increase in the size of the arches 
in their anterior portions. 

From now on, the second period alluded to becomes manifest for 
the growth of the bicuspids, as well as the second and third molars 
contribute to the further development of the arches. The growing 
roots of the bicuspids which are the next teeth to erupt push their 
crowns occlusally in a direction similar to that already attributed 
to the incisors, viz: the upward, outward and forward growth of the 
lower, and the downward, forward and outward growth of the 
upper. The continued growth of the cuspids aids in this general 
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])\{\\\ of (Irvolopinont and thoir eventual eruption acts as a key to the 
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Tlie eruption of the second niohirs about the twelfth year con- 
tinues to sinuilate the direction of growth already described and 
udded to tins tluM^e is the action of the inclined pUmes of the opposing 
teeth in function, the stinuihis of which aids materially in completing 
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molar and the disto-buccal cusp is received in the embrasure between 
the lower first and second molars. The buccal cusps of the remaining 
molars occlude in a similar manner with their antagonizing molars. 
In a somewhat similar waj', the upper bicuspids and cuspids in their 
buccal relations interlock with the interspaces of their lower 
antagonists. The upper central, being broader than the lower 
central not only overlaps it but also the mesial half of the lower 
lateral, while the upper lateral overlaps the remaining half of the 
lower lateral and the mesial incline of the lower cuspid. 




Labial and buccal aspect. (Turner.) 



Thus it will be seen that in their buccal relations each upper tooth 
occludes with two lower teeth with the exception of the upper third 
molar which occludes with the lower third molar only. The same 
ratio of antagonism is present in the lower arch, each lower tooth 
occluding with two upper teeth, with the exception of the lower 
central incisor which occludes only with the upper central incisor. 

The extent of overlap of the upper incisors varies in different 
mouths according to the design of the teeth but the extent of overlap 
may be roughly stated as being from one-fourth to one-third the 
length of the crowns. 

An examination of the buccal cusps of the lower teeth from the 
cuspid back will reveal the fact that each disto-buccal incline 
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occludes with ii nu'sin-lingual iiic-Iiiic of the tooth opposing it, while 
cncli incsuj-lmcciil incline occludes with the disto-lingual incline of 
its o])i)osinj!; tooth. 

A siiniliirly hnnnonious arrangement is i)rcsent between the 
lingual cusps of the ui)])er hicusiiids and molars and the lower teeth 
(Fig. 7 and S) for the lingual cusps of these upper teeth occlude 
hetwccn the l>u<'<'al and lingual cusps of the lowers, thus affording 
a similar action between tlie lingual and buccal incline planes of the 
lingual cusps of the upi)ers as is present with all the surfaces of the 
buccal cusps of tile lowers. Thus it will be seen that -nith the 
exception of the lingual incline planes of tlie lingual cusps of the 




lower molars and bicuspids and the buccal inclines of the buccal 
cusiKs of the ui^per molars and bicuspids, all the cuspal surfaces of 
these teeth are in o«'lusion. 

In their horizontal relations, it will be noted that from the cuspid 
to the first molar, the teeth occupy positions approximately in the 
same plane, while the second and third molars are stepped pro- 
gressively upward. The incisors also occupy a higher plane than the 
bicuspids and first molars although in examining an occluded den- 
ture this is not so apparent, due to the overlap of the upper incisors. 
When viewed singly, this occlusal plane is more visible and describes 
on the lower arch a curved line which travels progressively down- 
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ward from the incisors to the bicuspids and first molars and upward 
over the second and third molars. A similar compensating plane 
is present in the upper arch, which makes possible the eificient 
movements of the cusps of the opposing teeth over and across each 
other in the act of mastication. 

By such an arrangement Nature has not only provided amply 
for the grinding of food, but has, through the complex interdigitation 
of the crowns and cusps of the occluding teeth, provided a mutual 
support for the teeth so that the stress of mastication will be equally 
borne and balanced. 




The Line of OcclnBion.— When in the relations intended by Nature, 
all the teeth, both upper and lower are in harmony with a line which 
is designated as " the line of occlusion." In the upper arch it passes 
through the sulci of the molars and bicuspids and over the lingual 
surfaces of the cuspids and incisors at the region of occlusion with 
the lower corresponding teeth. On the lower teeth, this line passes 
over the crests of the buccal cusps of the lower molars and bicuspids 
and over the cutting edges of the cuspids and incisors. It should 
be plain, therefore, that when the jaws are closed, these two lines, 
that is, the one on the upper teeth and the one on the lower teeth, 
become common to both and constitute the line of greatest occlusal 
contact. This line describes more or less of a parabolic curve, 
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of all the teeth but also the complete integrity of the form and relationship 
of each individual tooth. 

Even with a harmony in size between the two arches with all the 
teeth present and intact, there are still other essentials to the 
maintenance of a normal occlusion and one of those is a harmony 
of relationship between the arches. Already the normal mesio- 
distal relationship of the arches has been described and the essential 
interlocking of the molars and bicuspids and extent of the overlap 
of the upper incisors and cuspids has been indicated. When from 
any cause the opposing arches have lost this relationship, it should 
be obvious that normal occlusion and normal functioning of the 
teeth is impossible. 

In addition to the factors already mentioned, viz: the normal 
action of the inclined planes, the harmony in size of the arches, normal 
approximal contact, and harmony in the relation of the opposing 
arches, there is another important factor essential to the maintenance 
of normal occlusion and that is the normal action of the muscles 
directly related to mastication and expression. The importance of 
this last-named requisite of normal occlusion is of great consequence 
and should be given careful study by the student of orthodontia. 

In our study of the anatomy and physiology of the oral cavity 
and its equipment we are pi'one to give more careful attention to the 
study of the deeper structures such as the maxillary bones and the 
teeth, than we do to the superficial structures. The gravity of this 
error will be apparent to those who stop to consider the fact that the 
teeth lie within a range of activity which is practically limited by 
muscles both from within and from without. 

The action of this complex arrangement of muscles (Fig. 9), when 
normal, tends to hold the teeth and arches in their normal relations, 
and at the same time the teeth when in their normal occlusion, offer 
the proper framework over which the muscles may properly function. 
^ Thus it will be seen that the various forces which cause the teeth to 
assume and maintain their normal relations are interactive and 
dependent upon each other. 

Too much importance cannot be attached to these muscles, for 
normally developed and normally used muscles are absolutely essential 
to the maintenance of normal occlusion. Furthermore, where muscles 
are not used normally they will almost invariably exert stresses at 
variance with their normal action and produce malformations of 
the osseous structures to which they are attached or over which they 
function. 

In addition to the foregoing, the normal interaction between the 
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Hon, ami normal Tesjnration is essential to the normal development 
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of the face and its accessory sinuses. The attention of the reader is 
called to the very definite relationship which must exist between 
the muscles, the teeth and the tongue in the performance of the 
respiratory act. 

"In the normal breather the mandible is raised by the elevators 
and the teeth brought into normal occlusion and as the act of 
swallowing is performed, the tongue expresses the air from between 
itself and the roof of the mouth, the lips are sucked down upon the 
teeth, the lower lip binding over the lower edge of the upper incisors, 
the tensor and levator palati having raised the soft palate, it is then 
allowed to drop upon the dorsum of the tongue, shutting off the oral 
cavity. The teeth just drop apart from occlusion, and the mandible 
is suspended by atmospheric pressure, and the muscles of the 
cheeks and lips are in repose. In normal respiration there is an 
exchange of air in the necessary sinuses, and the veins are emptied 
at the base of the brain. In swallowing, the tensor and levator 
palati open the orifice of the Eustachian tube and an exchange of air 
is made in the middle ear.''^ 

It is no exaggeration to say that the student who fails to consider 
carefully all the surrounding tissues and their relationship to the 
general plan of occlusion can never hope to practice orthodontia 
successfully. 

Thus far, in discussing these various factors (the forces governing 
occlusion), no attempt has been made to give preference to the 
importance of any special one. In fact it is doubtful whether any 
one is of greater consequence than the other for they are all essential 
if the developing masticatory apparatus is to assume its form and 
relationship according to Nature's design and perform the various 
and important functions for which it was evolved. 

* Stanton, F. L.: The Teeth in Respiration, Dental Digest, 1910. 



CHAPTER III. 
MALOCCLUSION 

When the growth and development of the dental arches is 
interfered with to the extent that the teeth cannot assume their 
normal relations, they are said to be in malocclusion. 

In studying the various changes occuring in the relation, align- 
ment, and positions of the teeth and their effect upon the underlying 
and adjacent structures, we must if we are to appreciate what these 
changes mean to the masticatory apparatus, keep ever in mind the 
essential characteristics of the normal. Failing to do this our 
conception of the abnormal will fall far short of what it should be. 

The deviation of the teeth from their normal arrangement does 
not come as a spontaneous occurrence, but is a slow gradual process 
resulting from the interference with one or more of the factors or 
forces which operate to develop the teeth and arches along normal 
lines. In viewing the numerous cases coming under the observation 
of the student he will at first be confused by the apparently varied 
types and forms of the condition. A closer study however will 
reveal the fact that all cases will have one or more of three distinct 
characteristics, viz: (1) A variance of normal tooth position; (2) 
an absence of normal arch form, (3) or a lack of normal arch relation. 
A case may embody all three of these abnormalities and in fact such 
will be the condition in the majority of cases observed, but it is well 
to keep these points of variance from the normal in mind. 

In describing the positions and relations of teeth at variance with 
the normal a definite nomenclature is necessary and in this connec- 
tion the following terms will be found to describe in a brief yet 
precise manner all the various possible deviations from the normal, 
both of individual teeth or any changed relationship between the 
arches. 

A tooth outside the line of occlusion is said to be in labial or buccal 
occlusion. If inside the line of occlusion such teeth are in lingval 
occlusion. If forward of their normal positions too near the median ' 
line teeth are in medial occlusion. If back of their normal positions 
they are said to be in distal occlusion. If not sufficiently elevated 
they are in injraocclnsixm, or if elevated above their normal positions 
they are in supraocclusion, A tooth turned on its axis is said to be 
in torso occlusion. Thus it will be seen that the positions indicated 



MALOCCLUSION 39 

by these terms Used singly or in combination describe accurately all 
possible positions which maloccluding teeth can occupy.* 

When the arches lose their normal relations the changed relation- 
ship is indicated by designating the changed position of the lower 
arch which as the movable part of the masticatory apparatus is the 
one most susceptible to change of position in relation to the rest of 
the skull. Therefore, when forward of its normal relation, it is 
said to be in mesial occlvsioUy while if it assumes a relationship back 
of its normal position it is said to be in distal occlusion. 

As already stated, malocclusion is a slow development usually 
having a simple beginning. It is important therefore that erupting 
teeth should be carefully observed for one single tooth erupting at 
variance with its normal position may be responsible through the 
force of its inclined planes, not only in disrupting the alignment 
of the arch in which it is located, but in destroying the harmony of 
relationship between the arches. 

While all the teeth are to be considered seriously in this regard^ 
the first permanent molars are perhaps the most important for their 
influence, if wrongly exerted, can and does produce the most griev- 
ous results for they erupt at a most crucial period in the development 
of the masticatory apparatus. Conversely, if their influence is 
normal, they are a great factor in aiding the other teeth to assume 
their normal relations, as has already been emphasized in a preceding 
chapter. 

In mentioning the first permanent molars the writer does not wish 
to give the impression that malocclusion is not present prior to the 
advent of these teeth for even the most casual observation will 
reveal the fact that the deciduous teeth are subject to malocclusion, 
sometimes in an extreme degree, even before any of the permanent 
teeth have put in their appearance. Even though subject to mal- 
occlusion and perhaps more subject to it than was generally sup- 
posed a few years ago they are not as predisposed to it as are the teeth 
at a little later period, especially during the time of transition when 
they are being shed and replaced by their permanent successors. 
Notwithstanding this fact, malocclusion of the deciduous teeth 
nearly always means malocclusion of their permanent successors, 
especially where the condition is of sufficient severity to interfere 
with the functioning of the opposing arches. (See Figs. 10, 11, 12, 
13 and 14.) 

The state of development of the deciduous arches often proves a 

1 Nomenclature introduced by E. H. Angle: Malocclusion of the Teeth, seventh 
edition. 
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valuable index as to the future arches for just prior to the time of 

eruption of the permanent incisors the deciduous incisors should 




Fig. 13. — The teeth and arches of a five-year-old child where there is manifest 
arreBtmeDt of development in the incisor regions as well as a distal occlusion of the 
lower BTch on one aide. A similar oeclusion of the permanent teeth is to be expected. 



show a decided spacing, indicating that the development in this 
region will be sufficient to allow for the eruption of the larger teeth. 
Where this spacing is absent the permanent incisors, when they do 
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eru|it, are without adequate space and therefore must assume posi- 
tions of malocclusion. It is obvious then that not only incipient 
in iiloi 'elusion of the deciduous teeth is of vast importance to the 
future occlusion, hut also that arrestments of development are of 
equal importance even though in appearance the teeth are regular 
as to uliKnment and occlusion. 






Fm. 1*.— Models rciin-scnting Wo cases al 
sors have boconio f>cclud«l liu(tu»llj" t" tho 
tJin i)pmia,nrnt incisors is almost ineiitable. 



Xotwitlistandintr the fact that maloccluding teeth apparently 
present a limitless variety of conditions, a close and anal\-tical study 
of the suliject will show that all cases fall into a few distinct groups. 
Already the attention of the reader has f»een called to the fact that 
all cases have one or more of thrw distinct characteristics, viz.: 
(I) A variance of normal tooth position; {'2) an absence of normal 
arch form; (8) a laok of normal arch relation. 

Tliat we must have some definite point from which to judge 
de\"iations from the normal should be apparent to any one. The 
first permanent molars have already been indicated as the "keys 
to oocluaon" owing, among other reasons, to the fai"t that of all the 
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permanent teeth they are the first to erupt and are by all means the 
most constant both as to their time of eruption and also in assuming 
their normal positions in relation to the rest of the skull. This is 
easily understood when we stop to consider that they erupt un- 
hampered by any delay occasioned by predecessors and are influ- 
enced to assume their normal positions by the presence of the 
deciduous teeth in front of them. 



THE CLASSIFICATION OF MALOCCLUSION. 

Being fully conversant with the significance of the first per- 
manent molars and realizing the importance both for purposes of 
description and diagnosis of a definite grouping of all cases of mal- 
occlusion, Dr. Angle has given us, as a result of his extensive studies 
and observation, a classification of malocclusion which covers the 
field in a brief and logical manner. He divides malocclusion into 
three distinct classes, based upon the mesio-distal relations of the 
teeth, dental arches and jaws, which depend primarily upon the 
positions mesio-distally assumed by the first permanent molars 
on their eruption and locking. These three classes are designated 
as Class I, Class II, Class III. 

Class I.— Cases of malocclusion belonging to Class I are charac- 
terized by the normal mesio-distal relationship of the arches, as 
indicated by the relationship of the upper and lower first per- 
manent molars which have erupted and become occluded normally 
at least so far as their mesio-distal relations are concerned. It 
should be plain then that these teeth are not necessarily in their 
normal relations for one or more may be in buccal or lingual occlu- 
sion. They need only be in their normal mesio-distal relations in 
order to determine the classification of the case. (Fig. 15.) 

In the average case belonging to this class the arches are more or 
less arrested in development, the arrestment being especially marked 
in the anterior portion of the arches, with the result that the incisors, 
either upper or lower or both are crowded and the cuspids, if they 
have erupted, are malaligned with the other teeth. Frequently 
one or more of the upper anterior teeth will, because of lack of 
space, erupt lingually to the extent that it will occlude inside of the 
lower teeth. 

Numerous instances might be given and illustrations shown of 
cases coming under this class, so varied are the malpositions which 
the teeth assume, but they will all agree in one essential, viz.: 
the arches are in their normal mesio-distal relations, as indicated by 
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the normal mesio-distal relationship of the keys to occlusion, the 
first permanent molars. 

Class n.— Cases of malocclusion belonging to Class II are charac- 
terized by a distal relationship of the lower arch as indicated by the 
lower first molars being in distal occlusion to the uppers more than 
one-half the width of one cusp on ^ach side. When from any cause 
these teeth become maloccluded tcl'this extent it is only a matter of 
time before the force of their inclined planes will cause them to 
assume a distal occlusion which in extent will be equal to a full cusp. 
When once occluded in this relationship these teeth cause all of 
thp other teeth to assume a similar distal malrelation. As a result 
the harmony of relationship and balance between the opposing 
arches is lost and the function of the masticatory apparatus is greatly 
reduced. The result upon the facial lines becomes apparent as soon 
as the condition is established and in the majority of instances is 
very marked, the retruded mandible producing the marring effect 
which the laity designate as the "weak chin." 

This great class of malocclusion is divided into two divinoiis and 
each division has a subdivision. These divisions are determined by 
the positions of the incisors. In Division I the incisors are pro- 
truded, while in Division II they are retruded or bunched and over- 
lapping. The subdivisions are characterized by the molars on one 
side only being in distal occlusion, while the other molars are normal 
at least so far as their mesio-distal relations are concerned, the other 
class characteristics remaining the same as with the full divisions. 

Division I of Class II.— In Division I then we have a bilateral 
distal occlusion, with the upper anterior teeth protruding (Fig. 16.) 
The upper arch is narrowed and lengthened and the possessor of 
this type of malocclusion usually has a short functionless upper lip. 
The lower incisors are lengthened and in the majority of instances 
occlude with the upper gingival tissues just back of the upper inci- 
sors. The lower lip frequently presents a thickened appearance due 
to the fact that it rests constantly between the upper and lower 
incisors. Because of its distal relation and reduced function, the 
mandible is usually smaller than is normal and the lower incisors 
are slightly elevated above the normal plane of occlusion, but in 
other respects the lower arch remains quite normal in form. 

This type of malocclusion is always accompanied at least in its 
early stages with mouth breathing. In fact, mouth breathing, or 
the cause producing it, viz.: some form of nasal obstruction, is 
probably the chief etiological factor in the causation of this type of 
deformity. 
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Subdivision of Division /.—The subdivision of Division I has the 
same class characteristics except that the lower arch is distal on 
one side only (Fig. 17). The marring eflFect on the facial lines is or 
should be correspondingly less although the protruding incisors and 
the other accompanying ill effects sometimes make it difficult to tell 
from external appearance whether the patient has a bilateral or 
unilateral distal occlusion. 

Division II of Class II.— In Division II, the lower arch is distal 
to normal, and the upper anterior teeth are bunched and overlapping. 
(Fig. 18). The action of the anterior teeth in assuming this relation- 
ship is probably due to the presence of normal lip function for these 
cases are not accompanied by pathological involvement of the nasal 
passages. In response then to muscular pressure from the lips, the 
upper incisors are pressed back until they rest in part at least against 
the hiwer teeth, the bunching or overlapping becoming necessary to 
comj)ensate for the distal relations of the lower teeth. The upper arch 
presents rather a shortened apj)earance in striking contrast to the 
lengthened and narrowed appearance which is seen in Division I. 

The lower arch is usually quite normal in form and there is less 
abnormal elevation of the lower incisors than is seen in Division I, 
due, no doubt, to the fact that they have some occlusal contact with 
the upper teeth. The upper incisors frequently show an excessive 
overbite due to their unnatural inclination and lack of proper 
occlusal support. In some cases this will be so excessive that the 
lower incisors are not visible when the jaws are closed. 

Subdhu'iwn of Div^i^ion 77.— In the subdivision the lower arch is 
distal to normal on one side only, the other class characteristics 
being the same but modified in severity (Fig. 19). 

The marring effect upon the facial lines of this type of mal- 
occlusion either with the full division or the subdivision is charac- 
teristic and at once apparent. While perhaps less displeasing than 
the effect produced by Division I, it is so only in degree for the 
retruded mandible, bunched and unnaturally inclined upper incisors 
are an ever present disfigurement. 

Class in.— Class III is characterized by a lack of harmonious 
relationship between the arches, the lower arch being mesial to 
normal either bilaterally or unilaterallv and is divided into a division 
and a subdivision. 

Division I of Class III.— In Division I this mesial relationship 
exists bilaterally to the extent of more than half the width of a cusp 
and where the case has developed for any length of time the mesial 
relationship will be equal to or will exceed the full width of a cusp 
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(Fig. 2(i). So progressive is this type of malocclusion that it is not 
unusual for the lower arch to J>ecome mesially occluded the full 
width of a molar or even to exceed this relationship. 

In s^>me <as<\s coming under this classification the upper arch is 
crowdexl and, there is apparent a general arrestment of development 
throughout the entire arch, the up[)er incisors almost always occlud- 
ing lingually to the lower incisors, while these teeth, because of the 
pressure of the lower lip, have a lingual inclination and are more or 
less crowded. Still other cases are characterized by arches quite 
normal as to form, malocclusion being manifest chiefly by the mesial 
occlusion of the lower arch. 

HuhdimiAih of (^htnH 1 1 1. -The subdivision of Class III differs 
from the full division in that the lower arch on one side only is 
mesial to nonnal, the other class characteristics being the same 
although usually somewhat modified (Fig. 21). 

Of the various types of malocclusion this class (especially where 
tlie lower arch is bilaterally mesial) is the most marring to the facial 
lines and iuHicts the greatest hardshi])s upon those who possess it, 
for it not only renders mastication difficult but often greatly impairs 
enunciatipiiv l^'urthermore, it is more progressive than the other 
(•lass#«,' t^€|»»rtb^45Xtent to which it may develop is greater. It is 
alft^'' thWmoat difficult kind of malocclusion to control, some of the 
reasons for which will be discussed in a later chapter. 

So far, in classifying the various groups which maloccluding teeth 
assume, three distinct classes have been described. That this 
classification fully cove^ the groimd will be apparent to the observ- 
ing student after a little exj)erience in analyzing the cases coming 
under his observation. The only other possible type of malocclusion 
not covertnl by it would be cases where one lateral half of the lower 
a,Yvh is in mesial occlusion with the other lower half in distal occlu- 
sion. Such caSiSSjSKfi^X^f ^^ ^ ^^^y ^^^ ^^^^ ^^ ^^ ^®^ necessary 
to classify thenu ^**^iir ^ 

In applying this classific^ition beginners are often confused l|y 
cases in which the class characteristics are not well defined, \'iz.: 
in developing Class II or Class III cases where the molars have 
neither lockeil mesiallv or distally but show a tendencv to do one 
or the other. In such cases a close study of the inclined planes will 
usually rt^veal the type of malocclusion into which the case is de- 
veloping and by which it may be classified. 

Mutilatt\l cases (where one or more teeth have been lost) also are 
the souix'e of some confusion as following the loss of teeth those 
adjacent to the space created change their position and assume 
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tipped or other unnatural relations. By determining the amount of 
alteration due to mutilation and by considering the state of occlusion 
prior to it, as well as studying the other characteristics of the case it 
may be pro])erly placed in the class to which it belongs. 

To briefly summarize, all cases of malocclusion fall under three 
distinct classes as follows: 

Cl.\ss I.— Arches in normal mesio-distal relations. 

CLu\ss II. — Lower arch distal to normal in its relation to the 
upper arch. 

Divmon I. — Bilaterally distal, protruding upper incisors. Pri- 
marily, at least, associated with mouth breathing. 

Subdmsiim . — Unilaterally distal, protruding upper incisors. 
Primarily, at least, associated with mouth breathing. 

Divmon //. — Bilaterally distal, retruding upper incisors. Nor- 
mal breathers. 

iS</6J/^iV/(>/^ -Inilaterally distal, retruding upper hicisors. Nor- 
mal breathers. 

Class III. — Lower arch mesial to normal in its relation to the 
upper arch. 

Dwision . — B ilaterally mesial. 

Sw6rfii>w^w>/i. — Unilaterally mesial. 



CHAPTER IV. 

THE ETIOLOGY OF MALOCCLUSION 

GENERAL CONSIDERATIONS -LOCAL OR MECHANICAL 

CAUSES. 

By those who regard orthodontic treatment in the hght of a purely 
mechanical procedure, etiology is relegated to a position of secondary 
importance, the greatest amount of effort and thought being given 
to the correction of all local conditions, in order to make possible 
along normal lines the mechanics of occlusion, respiration, etc. 
While not belittling the necessity for thorough treatment, the 
student's attention is called to the fact that in a certain percentage 
of cases, even where the most careful treatment and retention have 
been carried out, failure in some degree ensues, which leads naturally 
to the conclusion that in such cases the causative factors, be they 
known or unknown, are still in force. Hence the prime importance 
to the orthodontist of all the information possible which bears upon 
the etiology of malocclusion. 

Medical literature contains abundant testimony to the effect 
that all parts of the body are liable to abnormalities of development 
from various and numerous causes. We fully realize that the 
dental structures are perhaps more prone to be at variance with the 
normal than almost any other, as is evinced by the fact that mal- 
occlusion of the teeth in some degree is the rule rather than the 
exception. 

In considering this fact, we should remember that the dental 
apparatus is not to be considered as being a single organ with but 
one function, but is a very complex structure with many functions 
into which enter not only the teeth, dental arches and maxillae, 
but also important groups of muscles related to mastication, expres- 
sion, deglutition, speech and respiration, as well as such important 
structures as the nasal passages, throat and accessory sinuses. 

The associated organs and structures entering into the perform- 
ance of these various functions and acts are so intimately associated 
that any disturbance in the nutrition, metabolism or function of 
one part may affect or involve the whole apparatus. This is 
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tion. Those occurring in the mouth directly are frequently alluded 
to as "local causes" or "mechanical causes," as they are the result 
of some factor which interferes with one or more of the forces 
governing occlusion. 

The deciduous teeth are not only organs of mastication but are 
important factors in maintaining the integrity of the arches during 
the development of the permanent denture, both through the 
stimuli imparted to the underlying structure through their use and 
by the mechanical maintenance of arch form and size by their 
presence. Under normal physiological conditions their roots are 
absorbed as the crowns of their permanent successors advance 
toward eruption, their presence up to the time of or just preceding 
the eruption of the permanent teeth being necessary to provide space 
for the erupting teeth. 

The Premature Loss of Deciduous Teeth.— When from any cause 
one or more deciduous teeth are lost prematurely the space in the arch 
which the lost tooth or teeth should retain is lost partially or wholly. 
This is due to the fact that the direction of growth and development 
of the arches is forward, outward and downward in the upper, and 
forward, outward and upward in the lower, the normal progress of 
which is dependent at least to a large degree upon the presence of 
every tooth. Therefore, with the loss of normal approximal contact 
the teeth posterior to the space created are carried forward into it 
instead of exerting their influence for the forward growth of the 
arch as above outlined, and in addition constitute an obstruction 
to the permanent tooth which later should erupt there. 

While the premature loss of any deciduous tooth is a misfortune, 
perhaps the greatest amount of damage results from the loss of the 
lower molars, for almost invariably there is a resultant shortening 
of the arch on the side where the loss has been sustained. This 
shortening breaks up the harmony of relationship between the 
arches and through the action of the lip the permanent upper inci- 
sors are either carried forward into a protruding relationship, or are 
caused to overlap in an effort to rest upon the lower incisors (Fig. 
22). 

The premature loss of the deciduous canines is also frequently 
productive of great damage as the space for the permanent canines 
is not only lost by the teeth posterior to it being carried forward into 
it, but due to the loss of stimulus which should be given to the 
anterior part of the arch through normal approximal contact, there 
is an arrestment of development in the anterior portion of the arches 
(Fig. 23). 
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The degree of malocclusion produced depends largely upon the 
time the tooth or teeth are lost and their location. Perhaps the 
most disastrous results occur through the loss of one or both of the 




lower first permanent molars, especially if the loss occurs prior to 
the eruption of the second molars. Whereas these teeth should 
assist in carrying forward the teeth anterior to them in harmony 
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with the growth of the arches, their loss curtails this and results 
in a shortening of the arch on the side where the loss has been 




Fill. 24. — Three cases of mulocclusion rcsultiue from the lose of lower first permanent 



sustained. This frequently leads to a loss of harmony both of size 
and relationship between the arches, with marked misplacement 
of the incisors due to abnormal lip function (Fig. 24). 
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In addition the second molar, when it erupts, tips forward into 
the space previously occupied by the first molar, adding to the 
lack of harmony between the occluding teeth. 

While the loss of the lower first permanent molar has been 
mentioned as especially disastrous and as having a particular bearing 
upon a "shortening" (or perhaps more properly expressed as an 
arrestment of development) of the lateral half of the lower arch, 
the loss of one or more of the lower premolars is almost as serious. 
With the loss of such teeth the integrity of the arch is destroyed and 
the forward pressure of the first molar and developing second molar 
is not transmitted to the remaining buccal teeth* and the conditions 
already described in connection with the loss of the first molars 
ensues to some degree. 

So it will be seen that starting with the loss of normal approximal 
contact a train of events is inaugurated which eventually leads to 
the impaired function of the teeth and frequently to unfortunate 
disharmonies of the facial lines. 

While the lower teeth only have been mentioned so far in this 
connection the same principle applies to the uppers. Arrestments 
of development in the upper arch from this cause are common and 
vary in severity according to the time at which the teeth are lost 
and their location. 

In a previous chapter the student's attention has been called to 
the essential factors or forces which must be operative if the progress 
of development of the arches is to be unimpeded. Briefly reiterated 
they are: the inclined planes of the occluding teeth, normal approxi- 
mal contact, harmony in the size and relations of the arches, and 
normal muscular and atmospheric pressure. In considering any 
supposed or proven cause of malocclusion these factors should be 
borne in mind for it is through their perversion that the damage 
is brought to its maximum. 

^Improper Dental Restorations.— When as the result of caries or 
from other causes teeth are lost wholly or partially and restorations 
must be made, the manner in which these restorations are made is of 
great importance to the remaining teeth, for, unless such elements 
as normal contour of crown and cusp and normal approximal contact 
are carefully reproduced, malocclusion in some degree will ensue. 
In fact serious and disfiguring malocclusions are not infrequent 
from this cause. 

Where flat topped fillings and crowns are placed, the teeth which 
oppose them are deprived of the support which the inclined planes 
should afford and as a result may shift individually into positions 
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<4 maloffliHion or in faft may result in a loss of normal mesio-diatal 
rf'lHtifiitHhip frf thf arfhes either unilaterally or bilaterally. 

Wry jrfwitive Htul far-reach inft results are produced through the 
irnjiroiKT rfstoration of one or mf)re of the first permanent molars, 
where the fillirrft i>t crown has a flat surface higher at one end than 
nt the other so that it constitutes a long inclined plane. Unless 
the erowii and eiinjis of the other teeth are well defined and firmly 
oeclu'led the lower arch on the side effected may be shifted into 
a iriesiitl or distal oiclusion, de|H'iiding »]»}ti direction of inclination 
(if the fillrtig or erowrr as the ens*- may he (Fig. 25). 




I'ailiirr' to r^'sTor^' the oontoiir of deciduous teeth, especialh^ the 
molars, often proves a menace to the dc\clopinp occlusion, througli 
the I'lo-iini: up of the spatx' hy the other teeth and the loss of tbe 
■ ■ft\»di:iui; iTtfliH'tHv" which should carr> them forward in Bccnrdsnce 
■ftith rht^ plan of ar-h prowih and develop?ncnt . 

S<* it should be ob\Kiiis that the l8w> of occlusion are equally 
potent to th»^ dentist as well as the orthodontist, and mttst ever be 
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followed out if the integrity of the masticatory apparatus is main- 
tained. 

Malformed Teeth.— In emphasizing the importance of the factors 
of normal approximal contact and normal contour of the crowns and 
cusps of the teeth and their necessity in the maintenance of normal 
occlusion, the attention of the student is directed to those cases 
where these factors are absent in some teeth at the time of eruption. 
Not infrequently such teeth come under observation, teeth which 
vary markedly from the typical form, with the result that dis- 
harmonies of both arch form and relation are produced. 

While the probable causes of such malformations will be discussed 
later it is not out of place to discuss their maleffects upon the 
occlusion at this time. Perhaps the teeth most frequently effected 
are the first permanent molars, or at least they are deserving of the 
most careful consideration because of their paramount importance 
to the rest of the arch. 

Malformed or hypoplastic molars vary greatly in degree of mal- 
formation and when their deformity is sufficiently extensive so that 
their normal mesio-distal diameter is reduced, the same effect is 
produced upon the balance of the occlusion as is brought about by 
improper dental restorations lacking this essential element. Where 
all four first molars are effected in equal degree the discrepancy may 
apparently be compensated, although unfortunately many such 
teeth are markedly lacking in their vertical development, which 
has an adverse effect upon the overbite. Therefore such teeth may 
be the initial factor in upsetting the forces of occlusion and starting 
a train of events which eventually lead to serious malocclusion. 

Prolonged Retention of Deciduous Teeth.— Not infrequently the 
normal process of absorption of the roots of deciduous teeth is 
delayed with the result that their successors cannot follow their 
natural course toward eruption. Where such interference is offered 
the permanent teeth effected must either remain in a state of non- 
eruption or erupt in the direction of least resistance, which results 
in their being deflected either lingually or bucally or labially to their 
normal positions (Fig. 26). 

The canine teeth are perhaps more frequently affected than the 
other teeth, the permanent tooth being deflected labially in a mesial 
direction or lingually in a mesial direction. When deflected 
lingually they often fail to erupt until late adolescence, and in some 
instances remain unerupted permanently. 

The other teeth also are subject to the same abnormality so that 
the deciduous teeth should be carefully watched and where definitely 
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Tardy Eruption of Pennanetit Teeth.- Soinctiine.'^ without apparent 
i-jiiiM- 11 iiiTiiiiiihiTit tootli will fail to cnipt pniinptly upon the los3 
iif it.s (Ifciilmms prcdi-ccssor. lit smin- installers lit-ing delayed for 
iiio[iths iir fviii years. Wlicrc this dcturs the spacv which ;should 
riTciw it is iisually partially ur wholly closed by the udjaeent teeth 
with Ihf result that when it finally erupts it is deHwted into mal- 
iiifliisiiiii. Ill siHiie iiistaiuvs it nisty fail to erupt entirely (Figs. 27 
ami 'IX). 

The eaniiie is very prune tu this abnormality and owing to the 
fael that ihe [HTinaneiit teeth lioth mesial ami liistal to it usually 
take tlieir iH)sitions prior to its expeeteil eruption, its retarded erup- 
tion is very eertiiiri to proiluee loniplieatioiis. 

lni|>iU'le<l or defleeted canines siwnetinies pr()duee disastrous 
rvsults in an elfiirt to erupt, the forceful contact of their crowns with 
the roots of tlie incisors causing the teeth witli whose roots they have 
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contact to be tipped, rotated or even resulting in the destruction of 
tlie root and subsequent loss of the incisor. While this is by no 
means a frequent occurrence, the results are so serious that these 
teeth are deserving of careful scrutiny. Roentgenographic"examin- 
ation in such cases is clearly indicated. 
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Ftci. 27.^Two cases uf matoccluaion resulting from the noD-eruptioo of ceDtral 

While the canines are mentioned with special emphasis there are 
other teeth capable of equally disturbing the occlusion. The second 
lower premolars, when retarded in eruption, may result in marked 
tnalocclusion which in character is similar to that produced by their 
extraction. 




Fla. 38. — MsloccluiioD reaultinK from the non-eniptiDn of a lower central 



Sapenmiiierai; Teeth.— Occasionally "supernumerary" or "extra 
teeth" are developed and their presence causes some of the normal 
teeth to assume positions of malocclusion- These anomalies are 
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stood and in lieu of a better explanation they are by some attributed 
to atavism, the theory being that they are an indication of an effort 
on the part of Nature to restore in man teeth which have been 
eliminated in the process of evolution. 

Missing Teeth.— Quite frequently one or more of the permanent 
tooth germs will fail to develop and result in a partial or marked 
unbalancing of the occlusion, the degree and character of malocclu- 
sion produced depending upon the tooth or teeth missing. The 
upper lateral incisors and the lower second premolars are teeth most 
frequently absent. 

The absence of the laterals, while disfiguring, Is not so serious 
from an occlusal standpoint as the absence of the lower second 
premolars. When these teeth fail to appear the lower first molars 




ith consequent apacing 



will, when the deciduous second molars are lost, tip forward into 
the space created without transmitting to the other lower teeth the 
"forward stimuli" so essential to the development of the arches. 
As a result the lower arch is undersized on the side where the tooth 
is absent and loses its normal relationship with the upper arch. 
Under these conditions normal lip functioning is difficult and if the 
lower lip is allowed to rest against the lower incisors and under the 
upper incisors it is only a matter of time before the uppers are forced 
outward into a protruding relationship. On the other hand, if 
normal lip function Is maintained, the upper incisors are crowded 
and overlapped as the lips push them back until they rest upon the 
lower teeth. 

When the laterals are absent the other upper teeth usually drift 
forward and partially or wholly fill up the space. .This places the 
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canines next to the median line, giving the mouth an minatm'al 
appearance as well as making necessary a mesial interdigitation of 
the upper teeth with the lower which in extent is equal to the width 
of a premolar on the side effected. 

The lateral incisors and the lower second premolars have been 
specifically mentioned because of all the teeth they are the most 
frequently absent. They are, however, not the only teeth to be 
absent (Pig. 31). In the author's experience a sufficient number of 
cases have been observed where this abnormality was present to 
convince him that no special tooth is entirely immune. From the 
standpoint of frequency of occurrence, however, the teeth mentioned 
are preeminently the most common. 




Fig. 31. — Congenital absence o( the upper first premolars with the consBquent 
arreatment of development of the upper arch. 



The probable reasons for the absence of teeth will not be discussed 
at this time but will be taken up later in the consideration of con- 
stitutional and congenital causes of malocclusion, their mention 
here being made solely to show their local effect upon the developing 
masticatory apparatus. 

Transposed Teeth.— Occasionally teeth may be transposed in 
position and thereby prove a source of disfigurement to the indi- 
vidual afflicted. If the transposition is complete the orthodontist 
is confronted with a question of expediency for it is by no means 
practical to attempt the correction of all such cases by orthodontic 
means. Therefore all elements should be carefully weighed before 
any definite procedure is entered upon (Fig. 32 and 33). 

Abnormal Frenum Labinm.— As a result of the abnormal develop- 
ment and attachment of the frenum labium a common and easily 
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distinguished type of malocclusion is produced which is charac- 
terized by a space between the upper central incisors. Sometimes, 
although very rarely, the lower centrals are effected in a like n 
(Fig. 34). 
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Fio. 33.— Transposed upper C! 



Normally the frenum labium is attached to the mucus membrane 
about five millimeters above the gingiva but in some mouths it not 
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only n*m'li4;!4 tlir KiMKi^'it ''Ut paHscK in t>etw'een the centrals and ends 
iU Mttju-tiim-iit in tlnr jwlatal mums membrane just lingually to 
tile l44!tlp. < 'onstitntiri); uh it rl<ies a stninf; fibrous ligament it 
frcijiicntly ki-eits the centrals seimrate<i, the extent of separation 
vnryinif fn»rn on<; to five millimettTs aceording to the size of the 
IlKanieiit, 




'riicR' WHS II time when it was considered good practice to remove 
Murniiiill.v or b.v laiiteri/ation nil (Mirtioiis of the fremim labium which 
rxtendid iK-twtH'n the t«'tli. rt-pinlless (if the size of the ligament. 
This priietice Ih-chuh' a fad iintl unfortuniitely is still practised by 
sonic i>Miiilo-tirtluMioiitists, It is liowever not always necessarT.^ 
and slionlii iievt-r U' doiH' imless it is actually shown to be the 
stiurtv of luvssnn'. Many frt'mnii labii ;m' abnormally attached but 
nre so snndt tluit they do not iiitcrfttv with the teeth. 



CHAPTER V. 
THE ETIOLOGY OF MALOCCLUSION.— Continued. 

CONSTITUTIONAL DISORDERS. 

That constitutional disorders in children play an important role 
in the etiology of malocclusion of the teeth, will be received by 
many, it is believed, cum grano salis. During the past decade the 
majority of writers on orthodontia have mentioned only briefly and 
attached but slight significance to these conditions. On the other 
hand, mechanical and functional causes, most of which operate 
during, or just preceding, the eruptive period of the permanent 
teeth, have been held responsible for the majority of the deformities 
which are referred to the orthodontist for treatment. 

In considering constitutional disorders which might be active in 
interfering with the progress of development in the dental apparatus, 
it is but natural to consider primarily those conditions which are 
injurious to the tissues which enter into the formation of the struc- 
tures concerned. 

We find that in the dental apparatus, as we are considering it, 
we have all the principal tissues which are found in the other parts 
of the skeleton, i, e,, epithelium, the connective tissues, muscular 
and nervous tissues. Therefore, we have no reason to assume that 
these tissues as they are associated in the dental apparatus are any 
less subject to the effects of constitutional disturbances than they 
are in other parts of the body. Until physiology, pathology and 
embryology become more of an "open book" to us than they are 
now, we will be at a loss to account for certain arrestments in 
development occurring not only in our field of endeavor but also in 
the human organism as a whole. 

There is enough evidence however, to lead us to think that certain 
diseases have an important bearing upon development, or more 
properly speaking, upon arrestments of development in the dental 
and oral structures. Some of these conditions will be enumerated 
briefly under separate headings as follows: 

1. The ordinary diseases of childhood, i. e,, the exanthemata, 

which are accompanied with high temperature. 

2. Congenital or heredo-syphilis. 

3. Rickets. 

4. Diseases of the internal secretory organs. 
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Diseases of Childhood.— It is a clinically established fact that all 
diseases of childhood which are accompanied with high temperature, 
such as scarlet fever, measles, chicken-pox, etc., may exert a very 
deleterious effect upon epithelial structures. The evidence of the 
preexistence of these diseases is present in the mouths of many 
children coming under our observation who present teeth in which 
the enamel organs have undergone either atrophy or arrestment in 
development to the extent that the teeth affected are faulty in shape, 
size or structure. 

The fact that these disturbances only leave a visible imprint upon 
the developing enamel (and they do not always do that) which, as 
one of the fixed products of epithelial origin has no reparative power, 
is no reason for not thinking that an equal amount of disturbance 
has also taken place in the cell metabolism of the other structures, 
resulting in arrestment of development to some degree. The 
so-called diseases of childhood are not effective in disturbing the 
process of development and eruption of the deciduous teeth, for 
children are not susceptible to them until after the deciduous 
dentition is well advanced or completed. However, during the 
period when most of the permanent teeth are undergoing the 
development which must eventually if not interfered with, result 
in their eruption, these diseases are capable of producing the greatest 
amount of damage. It has been claimed that these diseases can 
produce inflammatory conditions in and about the jaws, which will 
result in a change in the character of the cancellated bone surround- 
ing the teeth, through the undue stimulation of the bone building 
cells. As a result, the cancellated tissue may be filled up or con- 
verted into a substance resembling cortical bone. As a result of 
such a process, the eruption of the teeth is retarded, and in some 
instances where the condition is exaggerated over certain areas, one 
or more teeth may be held in impaction. Teeth prevented by these 
secondary deposits within the cancellated bone from erupting at 
their normal time will— when the eruptive forces finally overcome 
the resistance offered them— be pushed in the direction of least 
resistance which oftentime carries them far from their intended 
positions. 

According to several reliable authors, these diseases also have an 
important bearing upon hypertrophy of the pharyngeal and faucial 
tonsils, but as we will discuss separately the resultant ill effects of 
these conditions in our field, they need not be nlentioned at this time. 

The fact that constitutional disturbances often register theiir 
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preexistence upon a group of teeth by affecting an atrophy of the 
enamel organ, to the extent that the crowns of the teeth are faulty 
in shape, size and structure, is an important index in determining 
first, the time at which the structures were subjected to the dele- 
terious effect of the disease, and second, the probable character of 
the cause. 

At birth, calcification of the crowns of the deciduous teeth is well 
advanced and the crowns of the permanent first molars have also 
begun to calcify. Therefore, any hypoplastic enamel upon the 
deciduous teeth would be produced during intra-uterine life. Like- 
wise, the first permanent molars would be subject to the effects of 
any disturbance occurring after the twenty-fifth week of intra- 
uterine life or before the third or fourth year after birth. 

It would seem then that where these last-named teeth (the 
deciduous teeth and the first permanent molars) are affected, the 
arrestment of development could hardly be said to come from such 
diseases as scarlet fever, measles, chicken-pox, etc., which rarely 
occur so early in the life of the child, but must be attributed either 
to some embryological disturbance or to congenital syphilis. 

Congenital Syphilis.— According to Stein "some forms of hypo- 
plasia of the teeth are certainly syphilitic, others may be attributed 
to syphilis, and others are certainly not caused by syphilis." He 
further states that these stigmata upon the teeth can be produced 
only during the development of the teeth, and are the result of some 
interruption in the process of calcification. These stigmata may 
appear on any part of the teeth from the morsal surface to the gingi- 
val margin, depending upon the time when the morbid influence of 
the disease was sufficient to produce them. The first permanent 
molars, incisors and cuspid teeth are named by him as being the ones 
most frequently showing the effects of the disease, as the first molars 
are beginning to undergo dentification during the last months of 
fetal life, and the incisors and cuspids during the first three or four 
months after birth, during which period the process of the disease 
is usually most intense. To congenital syphilis is also attributed the 
absence of one or more of the permanent teeth, implying the non- 
formation, or complete arrestment in development of the dental 
germ (Figs. 35, 36 and 37). However, all missing teeth cannot be 
attributed to this cause as will be shown later. 

Amorphism of the teeth, that is, teeth without crowns somewhat 
resembling sharks' teeth, twisted teeth, peg-shaped teeth, uni- or 
tri-horned teeth, are also attributed to this cause, and some medical 



THE ETIOIOGY OF ilAWCCLUSlOS 




CONSTITUTIONAL DISORDERS 75 

authorities on syphilis even attribute the "open bite'* and asym- 
metrical maxillae to this source. 

Without depreciating the extent of the morbid results of this 
disease, our knowledge of the forces of occlusion would hardly allow 
us to accept this as a reasonable explanation of these two last- 
named conditions of the dental apparatus, the open bite and asym- 
metrical maxillae. It is possible that the disease can, through the 
unbalancing of the forces of occlusion, help make these conditions 
possible, or that which is not unlikely, the cases in question were 
also afflicted with rickets. 

Rickets.— Rickets is a disease of malnutrition, characterized by 
faulty bone formation. This disturbance of metabolism in which 
calcium plays a very important role, occurs most frequently between 
the ages of six and eighteen months. Occurring at a time when the 
growth of bone is so rapid, its possible effects can be very striking 
and serious. 

Normally, bone contains about one-third organic and two-thirds 
inorganic matter. In marked cases of rickets, the proportions are 
reversed, the bones often containing twice as much organic as 
inorganic matter. Characteristic changes in form are seen, particu- 
larly in the long bones, but all bones are affected to some degree and 
it is only reasonable to expect deformity in bones subject to muscular 
stress, as for instance, the maxillae. Rachitic bone does not offer 
sufficient and proper support for the teeth to withstand the positive 
force of the muscles of mastication, and as a result deformity to 
some degree may and frequently does ensue. 

According to Holt, the active process of rickets may persist until 
after the second year and may cover a period of from three to 
fifteen months. After its termination the bones become less vascu- 
lar, and a rapid formation of bone takes place in the normal way. 
He also stated that in addition there is in some places a direct trans- 
formation of cartilage into bone, and furthermore that the spongy 
masses of bone become contracted and condensed. As a result of 
this, the involved bone may become even harder than it formally 
should be, and its structure never is quite like that of normal, healthy 
bone. 

As a rule, dentition is late and apt to be difficult (Holt). A study 
of the progress of dentition in 150 rachitic children gave the 
following results in 50 per cent, the first teeth were cut on or 
before the eighth month; 20 per cent of the cases had no teeth at 
twelve months and in 8 per cent none had appeared at fifteen 
months. Even though the first teeth appearing come at the usual 
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time, tlie progress of the balance of the teeth to erupt is usually 
retarded ujx>ii tlie development of rickets. The character of the 
teetli in rickets is usually gcxxi, which is in striking c*ontrast to what 
they are in heredo-syphilis. According to some obserx'ers cases of 
malocclusion where rickets has Ixjen a factor can almost be said to be 
tyi>i<*al. There is a general narn>wing of the maxilhe and a widening 
of the mandible in the region of the molars extending backward. 
'i'he lower jiortion of the mandible is turned outward and the teeth 
are turned inward ; as a result of the force exerted upon them by the 
opjiosiiig teeth aliove and the muscular stress from below. Consider- 
ing the fact that in rachitic children the deciduous teeth erupt late 
and are oftc^n shcnl j>rematurely, coupled with the fact that the 
IK^rmaiiciit teeth are often retarded in the process of eruption, it is 
not to b(* wondered at that a sadly deformed occlusion is the result. 

\\\ considering the effects of the diseases thus far discussed, we 
must take into consideration some specific physiological factors not 
yet nn^ntioned, /. ^., the internal secretory organs and their relation 
to bodily development and nutrition. These glands, the principal 
of which are the pituitary, the adrenals, the thyroid, the para- 
thyroids, the thymus, the testes, and the ovaries, are supposed to 
j)reside, by virtue of their secretions, or in some cryptic manner over 
certain correlations of the body. It has been claimed for these 
tissues and glands, that they are cooperative with or compensate 
and inhibit each other in cycle, and that any interfering influence 
or (liscas(» which disturbs this coordination seriously and very 
diversely alVects nutrition, bodily development, and functions. 

The Pituitary Gland.— The j)ituitary gland is situated at the base 
of the brain, and is c()mj)()sed of two lobes, the anterior and posterior, 
each of which has a ditferent function. The anterior lobe presides 
directly over the growth of the bones. An over-secretion of this 
gland in a developing child, produces giantism, while a deficiency 
in its secretion results in dwarfism. Over-secretion from this 
gland in adults produces a condition known as acromegaly, in which 
there is an enlargement of the extremities, the head, nose, hands, and 
feet as well as changes in the nervous system. The posterior lobe 
of this gland also presides over many important phases of metab- 
olism and nutrition, as do also the adrenals, but they do not bear 
the direct relationship to bone development and growth as do the 
])ituitary and the thyroid. 

The Thjrroid Gland.— The thyroid gland, which is situated in the 
anterior part of the neck, is the organ of the body supposed to be 
the most active in the destruction of poisons, although this function 
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is also shared by the pituitary and the adrenals. It is also concerned 
with the pituitary in controlling the growth of the bones, and defi- 
cient thyroid secretion in developing children, results in cretinism 
in some degree. 

The fact that these glands are concerned in safe-guarding the 
body against poisons, makes them important to us in a discussion 
of this kind, for when a developing child is suffering from an infec- 
tious disease, these glands must become extremely active. If they 
become exhausted in their struggle, their function is disturbed, with 
the result that for the time at least their secretions may be deficient. 
The other glands named, also have a bearing upon the development 
and maintenance of the equilibrium of bodily growth and health, 
but the limits of this text do not permit of further discussion. 

Grieves states that it can now be accepted as proven that the 
cycle of the internal secretory organs absolutely controls the forma- 
tion of the facial bones, nasal and post-nasal, as well as the teeth 
and their eruption, and emphasizes the importance of the thyroid. 
Hasting Gilford attached great importance to these structures in 
their relation to development, but states that: "The adjusting 
mechanism of development is not flexible, but more or less recipro- 
cal; so that a ductless gland both influences development and is 
itself changed by general development." He also places emphasis 
on the importance of the thyroid. We also realize that the maxillae 
can be greatly assisted in development by modern orthodontic 
treatment, and that the establishment of a normal occlusion and the 
subsequent use of the teeth are necessary factors in overcoming 
these arrestments in development. We must likewise come to a 
fuller realization that other factors must be considered, i, e,, the cell 
metabolism of the bones in question, and the causes which may 
prevent that metabolism from being normal. 

Therefore it is highly important that the orthodontist should be as 
thoroughly schooled in the basic pinciples of physiology and path- 
ology as any other surgeon who devotes his energies to the field of 
orthopedics. 

Failures in retention bear eloquent witness of this fact, although 
I would not mean to imply by such a statement that all failures or 
even the majority are due to faulty bone metabolism, but no 
observing orthodontist of experience can with reason deny the fact 
that in the past some failures have resulted for which there seemed 
no explanation. Is it not reasonable to assume that in a certain 
percentage of these cases the calcium metabolism of the maxillae 
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was i\vf\vwr\i, mm\ as a result the teeth were not offerefl the support 
nefessarv' to withstand the yxisitive forces incident to occlusion. 

It should Ik' plain to anyone that such cases as those under 
di.Hiussion would recjuire a much longer period of retention than 
the ordinary cas<' of malocclusion, which is the result of purely 
mechanical causi-s. Furthermore, that in such cases our obligations 
will not In- fulfilled unless we invoke the aid of a competent internist 
who can d(» much toward overcoming the ill-effects in metabolism 
of the dis4'Hs<'s which we have discussed from the standpoint of 
contributing factors. 



CHAPTER VL 
THE ETIOLOGY OF MALOCCLUSION— Continued. 

OBSTRUCTIONS OF THE NOSE, NASOPHARYNX AND 
THROAT AND MOUTH-BREATHINO. 

The fact that many cases of maldevelopment in the dental arches 
and maxillary bones of characteristic type are associated with 
tonsillar (pharyngeal or faucial) disease and kindred conditions is 
well established. The deformities and resultant malocclusions 
alluded to may be considered under two specific headings. 

1. Those characterized by a mesial occlusion of the lower teeth. 
(Class III.) While all such cases are not the result of these condi- 
tions they are frequently a factor in their causation and for that 
reason are mentioned in this connection. 

2. Those where there is a narrowing of the upper dental arch, 
protruding upper incisors, with the mandible under-developed and 
occupying a position distal to normal (Class II, Division I). These 
are by far the most common of the types mentioned and are pri- 
marily at least, always associated with mouth-breathing. 

The degree of deformity in either of the foregoing types varies 
and depends upon the age and susceptibility of the individual and 
the length of time the cause has been active. In both types the 
normal occlusion of the teeth is lost, accompanied by impairment 
of mastication, deglutition and speech and in numerous cases, the 
facial contour is marred to a serious degree. 

In considering the first-named type of deformity, viz.: where the 
lower teeth are mesial to normal and the mandible protrudes, we 
have one which is less frequently attributed to pathological condi- 
tions of the nasopharynx and throat than the second-named, for 
the reason that the etiology of this type includes a number of other 
causes, but notwithstanding this fact, the writer is convinced that 
numerous cases of this type are the result of hypertrophied and 
infected tonsils. Such a statement does not imply or say that 
there are no cases of enlarged tonsils in which the occlusion of the 
teeth is not correct for such a statement would not only be sadly 
lq,cking in proof but ridiculous on its very face. 
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The faucial tonsil lies on the superior constrictor of the pharynx 
and between the palatopharyngeal muscles behind, and the palato- 
glossus in front (Fig. 38). When diseased it may increase in size 
in an inward, upward or forward direction. It is its forward growth 
which has a direct bearing upon the beginning at least of some 
deformities of this class. The forward growth of the tonsil brings 
it in close apposition with the posterior part of the mandible, and 




Ji'iG. 38. — Diagram showing the relationship between the nasal and oral structures. 
A, lymphoid tissue in the nasopharynx; B, the faucial tonsil. 



because of the irritability of the hypertrophied tonsil, the mandible 
is moved unconsciously forward and held there aided by involuntary 
and reflex muscular action both of the tongue and adjacent muscles. 
The result brings increased space arowid the inflavied tonsil and relief 
from pressure. Relief is also obtained by projecting the tongue into 
the sides of which are attached the palatoglossus muscles, which 
compose the anterior part of the fauces, and which is to a copside?*- 
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able extent carried forward with it, thus giving more room for the 
steoUen gland. But to project the tongue and still keep it within the 
mouth, the lower jaw must also be projected and this mal-position 
of the jaw when maintained for months or years, inevitably becomes 





fixed through the changed occlusal relations of the teeth made 
necessary by the mesial position of the lower arch. The accommo- 
dation of the other structures of the face to the altered position of the 
jaw renders this deformity one of the most unsightly and distressing 
to which the human face is subject. In Figs. 39 and 40 are shown 
the face and occlusion of a young boy having a history of abnormally 
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large and inflamed tonsils and which in view of all circumstances 
connected with the case were considered responsible for the develop- 
ment of the deformed occlusion. 

These cases may be termed progressive, for when the normal 
occlusion of the teeth is lost there is nothing to prevent the lower 
jaw from very gradually coming forward, even though all causes 
have been removed. This is easy to understand when we consider 
the fact that the forward movement of the mandible is one of its 
easiest movements; and when the restraining influence of the upper 
teeth due to their overlap is removed there is nothing to prevent 
the modification of the bone in form or relation in response to the 
changed mechanics of occlusion. 

Adenoids.— While many injurious effects are charged to adenoids 
and other hypertrophied lymphoid tissues in the nose and throat, 
there is none which has a more marked effect upon the appearance 
and personality of the child than the characteristic deformity of the 
dental arches and physiognomy which is typical of the mouth- 
breather (Figs. 41 and 42). Much has been said and written upon 
this subject in recent years but all seem to agree that where we find 
the constricted and under-developed upper arch with protruding 
upper incisors, with the lower arch assuming or tending to assume 
a relation distal to normal, that adenoids or other obstructing agents 
are present or have left the evidence of their previous existence. 

It is not enough to say that a child when first observed at eight 
or ten or even at five years of age having no adenoids has had none 
before. The old impression that children may outgrow these condi- 
tions has some truth in it but they (adenoids) leave their mark 
nevertheless, and frequently the child will have all of the marks of 
deformity of the jaw and accompanying defects that go with them 
and yet the adenoids themselves will have disappeared. Some of 
the cases therefore where these deformities ar^ found and in which 
a careful rhinological examination shows no adenoids, are by no 
means proof that they are not a most frequent and important cause 
of such arrestments of development. 

Unfortunately, these conditions are more prevalent during the 
early years of a child's life when the mouth and its associated 
structures are undergoing their most rapid growth which increases 
their potency for harm not only to the mouth but to the general 
constitution. It should be borne in mind that normally in respira- 
tion, the air is received through the nose where it is warmed and 
strained of impurities before entering the lungs, these two essentials 
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beiag highly important both to the health of the structures entering 
into the act and to the health of the whole oi^anism. 

We know that inclusive with other factors, the development of 
the bones of the face is dependent upon the eruption of the teeth 




Fio. 42, — Typical occlusion of habitui 



and their subsequent use, upon the use of the nose and associated 
structures in breathing and upon the anterior development of the 
cranium. The form and size of the teeth is established prior to 
their eruption and adverse environmental conditions cannot change 
them but can only act upon the surrounding tissues, A slight 
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change in the surrounding bone structure may produce mal-locking 
teeth which in itself becomes an instrument to modify the bones 
and further unbalance the forces of development. 




The normal use of the nose and its associated structures in breath- 
ing is as before mentioned one of the essential factors in the develop- 
ment of the bones of the face and the student's attention is e^>ecially 
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called to the mechanics involved and the important relation of the 
lips, teeth and tongue in this act (Figs. 43 and 44). 

"In the normal breather the mandible is raised by the elevators 
and the teeth brought into normal occlusion and as the act of 
swallowing is performed the tongue expresses the air from between 
itself and the roof of the mouth, the lips are sucked down upon the 
teeth, the lower lip binding over the lower edge of the upper incisors, 
the tensor and levator palati having raised the soft palate, it is then 
allowed to drop upon the dorsum of the tongue, shutting off the oral 
cavity. The teeth just drop apart from occlusion, and the mandible 
is suspended by atmospheric pressure, and the muscles of the cheeks 
and lips are in repose. In normal respiration, there is an exchange of 
air in the accessory sinuses, and the veins are emptied at the base of 
the brain. In swallowing, the tensor and levator palati open the 
orifice of the Eustachian tube and the exchange of air is made in the 
middle ear. 

"Now let us consider the mechanics involved when the nose is 
occluded from any cause, and it becomes necessary to open and use 
the mouth for breathing. All the muscles that depress the mandible 
are attached on the inner side of the horizontal ramus, and with 
each inspiration the muscular pull is a backward one upon the 
mandible, which in time causes the bone to modify and brings the 
lower teeth distal to normal. After the muscles have locked the 
molars in this distal relation, all the lower teeth that are erupted 
at a later period must assume a similar distal malrelation, and the 
mechanics of this nialocclusion is constantly operating to mold 
and alter the bones in accordance with its needs. 

"The vacuums above described are not created, consequently the 
tongue is not sucked tightly against the palate and we have a non- 
widening of the upper arch in consequence (Figs. 45 and 46). The 
lips are not drawn against the teeth, and the upper lip is so little 
used that it exerts but slight influence on the upper anterior teeth, 
while the lower lip instead of binding over the lower edge of the 
upper incisors turns outward, and on account of the malrelations 
of the two arches, the lower lip is forced in between them and 
becomes a factor in pushing the upper anterior teeth further forward. 
The bones of the face are now subjected to a perverted mechanical 
action of mal-locked teeth, to perverted muscular action due to the 
altered functions of the mouth and nose, and to the altered mechanics 
of having the air pass through the mouth instead of the nose. The 
bones are consequently molded into entirely different structures 
than were intended for the individual in response to the altered 
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mechanics. The nose and accessory sinuses present an entirely 
different appearance due to their altered functions. There is an 
asymmetry of the bony structure and a pathological condition of 
the soft parts. 





" In our treatment of these cases it would seem logical, if the 
premises are correct, to establish at the earliest possible moment 
the normal forces that are operative in the normal breather. First, 
the nose, nasopharynx and throat must be cleared of any obstruc- 
tion or disease, and second, the teeth must be placed in normal 
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occlusion and normal lip function established to allow the mandible 
to be suspended by atmospheric pressure, maintained by the tongue 
and lips. An approach to normality not only in the nose, but also 
in the mouth, must be made before true normal respiration can be 
established. Again if the premises are correct, that the bones of the 
face are altered by the perversion of the forces of development due 
to the mal-locking of the teeth and altered respiration, we can only 
expect an approach to normality if these unbalanced mechanics 
are made right at an early age.''^ 

* Stanton, F. L.: The Teeth in Respiration, Dental Digest, 1910. 



CHAPTER VII. 
rm: prriOI/XJY of MAUXCLUSION— Continued. 

ABNORMAL MUSCULAR HABITS. 

Onk of tlu» most i)otent and far-reaching causes of marocclusion 
is to l)c found in certain habits involving muscular forces in and 
about the oral cavity, the forceps alluded to being the habitnal and 
frequent niavlpulatiov of the lip.s, tongue or cheeks in a manner at 
variunce with their normal use. Force, thus exerted, though it be 
gentle, will cause the teeth to assume and maintain definite positions 
of malocclusion which will be characteristic of the muscular habits 
])roducing them. 

The significance of this cause while recognized by orthodontists 
of experience, is often overlooked by those less experienced, for these 
habits operate so (juietly and are so unconsciously performed that 
even the patient is fre(|uently unaware of their existence. Indeed, 
the treatment of many cases is carried to completion only to result 
in eventual failure because of the fact that such a habit remains 
unchecked and uncorrected. 

It should be obvious then that the only hope for successful results 
in such cases lies with the patient, for the habit must be discontinued 
and discontinued permanently. Some patients cooperate readily 
when once convinced of the necessity, but all too frequently, they 
prove indilTehMit and with such, the chance for successful results 
is nil and time s])ent upon them is wasted. I'nfortunateh*, both 
paixMits and patients an^ prone to Regard lightly the importance of 
this caUvSe and Uvsually deny the existence of such a habit when their 
attention is calUnl to it. Not infnH|uently, they receive such infor- 
mation as a dis])araging im])Utation upon the child and foolishly 
show n^sentment but this should in no wise lessen the earnestness 
of the orthodontist in imprt^ssing the true facts. 

Furthermon\ it is highly im|K>rtant that this factor should be 
<lis(H>venMl an<l made know n as early as jxissible in our association 
with the patient for if allowecl to go until the ca^ is nearing com- 
plotion, if will often be infrrprefcd a,^ an attempt to cMablish a possible 
alibi in ca^e of failure. 
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Psychologists agree that "all such simple habits are formed in 
the same way, namely, that at first the act is performed by conscious 
effort, but with each repetition it l>ecomes less and less a conscious 
effort until finally, it is performed entirely unconsciously, becoming 
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Fia. 47. — Malocclusion resulting from "lip-biting." 

a part of the routine of the mind of which the consciousness is 
relieved." It follows then that the elimination of such habits 
necessitates strong and persistent conscious effort on the part of the 
child with whom the greatest responsibility lies but such children 
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at frequent and more or less regular intervals. In some cases the 
act is quickly performed while with others, it may be slowly done, 
and again still others may hold the lip for long periods. 

The pressure thus exerted will, if persisted in, push the upper 
incisors labially and cause the lowers to incline lingually (Figs. 
47 and 48). When the discrepancy between the upper and lower 
teeth is equal to the thickness of the lower lip, the deformity will 
reach its maximum and will be retained as such by the continuance 
of the habit. The disfiguring eiTect upon the facial expression is 
characteristic and distressing (Figs. 49 and 50). 



m& 



Fio. 49.— Characteristic expresfiioD FiQ. 50.— The same face after the 

of a habitual lip-biter. habit was brolten and the teelii estab- 

lished in their aonnal relations. 

Not infrequently, this habit is a contributing factor in cases of 
Class II, Division I and militates greatly against their complete 
correction, for in such cases, normal muscular pressure is especially 
essential to permanent results. 

The tongue also may produce somewhat similar occlusal displace-, 
ments. " Tongue biting" is not uncommon and frequently the habit 
will be less apparent to the observer than is the case with lip habits 
as the act is not always visible. For instance, as sometimes prac- 
tised, the tip of the tongue is placed between the incisors and gently 
but habitually bitten, the effect being to slightly incline the upper 
incisors outward and depress the lowers, resulting eventually in an 
"open bite" in the region of the pressure (Fig. 51). 
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Another form of this habit is evidenced by the tongue being 
projected between the teetli until the lower lip is moistened, when it 
is withdrawn. In being pushed outward, it comes in contact with 
the incisors and operates to push the upper ones lablally (Fig. 52). 

The incisors are not the only teeth adversely affected by such 
habits for the tongue may be directed just as readily against other 
portions of the arch. The writer has had one case where the habit 
consisted in pushing the tongue toward the left cheek and then slowly 
drawing it back into position. The result upon the teeth is shown in 
I''ig. 53. In addition to the deformity produced, the mucus mem- 
brane o\'er the upper second molar are so thickened and hardened 
that the tooth was unable to erupt until the tissue had been cut 
away. Happily, in this case, the habit was broken and upon the 




Fig. 51. — Open-bite maloecliision produced by "tongue biting," 



correction of the occlusion by orthodontic means, no further trouble 
was encountered. 

Abnormal manipulations of the cheek muscles are sometimes 
encountered although this habit is less frequently seen than the 
others mentioned. Sometimes, the activity will be limited to one 
cheek which is frequently sucked or drawn inward between the 
molars and premolars, or it may be done with both cheeks. The 
result is a displacement lingually of the upper molars and perhaps 
the premolars on one or both sides depending upon whether one or 
both cheeks are involved in the habit. 

Cases will also be observed where these habits involving the 
buccal and oral muscles will assume the character of a distinct tic, 
the action being spasmodic and repeated at regular and frequent 
intervals. In such cases, the results can be particularly disastrous 
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for the tic may be repeated every minute or two at all times when 
the afflicted individual is not eating, talking or sleeping. 






Fio. 52.— Malocclusion produced by projeotins the end of the tongue. 



Thnmb-suddng.— The habit frequently developed hy young chil- 
dren of sucking the thumb or fingers while not a muscular habit, 
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can projxTly be mcntiiiiie<l at this time, for Hke other habits, it is a 
jjsytholonical ])mblcni. ITiis niuch-heralded cause, while produc- 
tive of damage if persisted in o\'er a long period, is usually broken 
earl>' and for thiit reason is not res[)onsibIe for all the deformities 
fn>(iueiitly attributed to it. 

However, it is possible for the " thumh-sucker" to displace the 
upper incisors lahialiy and the lowers Jlngually of either the decidu- 
ous or permanent teetli, and in exaggerated cases, the lower arch 
on one or both sides may he forced into a distal occlusion (Fig, 54). 




Such results however, necessitiite the ])ersistence of the habit in an 
inteiis(^ degree o\er a peri(Hl which extends well beyond babyhood. 
The manifestation of the pressure is usuallj' more apparent on one 
side than tlie otlier, depending upon whether the thumb or fingers 
of the right or left hand are used (Fig. 55). 

The question of the most effective means of breaking these 
injurious habits is one which by no means has been satisfactorily 
settled. With some children, the task seems hopeless while others 
respond in a manner which is quite encouraging. Apparently, the 
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only hope in all such cases, is to bring the action out of the realm of 
the unconscious into the conscious, and this means concentrated 
effort on the part of the child as has already been emphasized. As 
as we are all more or less prone to be creatures of habit, good habits 
must be made to replace the injurious ones, in other words, normal 
muscular habits must be developed to the extent that the abnormal 
will be forgotten. A further discussion of some of the means of 
accomplishing this will be taken up in a subsequent chapter. 



CHAPTER VIII. 

HEREDITARY AND CONGENITAL FACTORS IN 

MALOCCLUSION. 

The question of whether or not maloccluding teeth are inheritable 
has been a matter of debate among dentists and orthodontists for 
more than a generation. Widely varying views have been expressed 
and from time to time popular belief has varied between two 
extremes, namely, the one that heredity is to be considered an 
important factor in malocclusion, or the other, that it plays little 
or no part in it. 

Those adhering to the first-mentioned opinion were prone to 
place upon heredity the responsibility for most of the abnormal 
conditions found in the mouth. In fact, with such, it was made the 
scape-goat and the source of explanation for almost every abnor- 
mality which could not be readily attributed to self-apparent causes. 
Those adhering to the other belief, that heredity is a negligible 
factor, entirely refuted this line of reasoning, claiming that all such 
conditions are the result of influences operating after birth and are 
therefore not to be classified among the characteristics which are 
transmissible and in the light of our present knowledge of the 
subject, it would seem that this conclusion is more nearly correct 
than the first-mentioned. However, in order that we may approach 
the subject without prejudice, it will be necessary for us to take into 
consideration certain biological and evolutionary factors, for the 
subject is too extensive and far-reaching to come to conclusions 
through any superficial line of reasoning. 

Heredity is variously defined or referred to as "the organic 
relation between generations especially between parents and off- 
spring"; as **the transmission of qualities from parents or ancestors 
to the offspring"; as *'the rule of persistence among organisms," 
or more definitely as *'the appearance in the offspring of characters, 
the factors for which are in the germ cells."^ 

The recognition of such a law or force in human life is as old as 
the race as is evident by such time worn expressions as '* like produces 
like"; "blood will tell"; "blood is thicker than water"; etc., indicat- 

* Jordan and Kcllog: Evolution and Animal Life. 
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ing the general fact that each newly-born organism is likely to 
resemble its parents and that the basis of fundamental resemblance 
is found in kinship by blood. 

It is equally a matter of common observation of phylogeny that 
the law of heredity is inseparable from the law of variation, viz.: 
that no one offspring is quite the exact copy of another regardless of 
relationship, such a result being augmented by, or being one of, the 
results of double parentage. In a general way we know that the 
offspring inherits its general physical characteristics from both 
parents, and that the '* inheritance fund" does not cease here for 
back of the father and the mother are other ancestors who have 
some claim in the formation of the individual. Usually the child 
will resemble either the father or the mother or both and sometimes 
it will show a degree of likeness to ancestors farther removed. 

Of interest to us in this connection are the conclusions of Galton 
contained in his memoir entitled "The Average Contribution of 
Each Several Ancestor to the Total Heritage of the Offspring," 
published in 1897. From a study of the carefully kept pedigree 
book of the kennels of the Bassett Hounds Club, with records 
extending through twenty-two years and a study of inheritance in 
the British peerage made possible by the complete geneological 
records kept for these families, together with a consideration of 
various other less detailed, but at least helpful records of inheritance, 
Galton formulated the statement that any organism of bisexual 
parentage derives one-half its inherited qualities from its parents 
(one-quarter from each parent), one-quarter from its grandparents, 
one-eighth from its great-grandparents, and so on. These succes- 
sive fractions, whose numerators are one and whose denominators 
are the successive powers of two, added together equal one or the 
total inheritance of the organism: thus i, i, i, tV> ^^2, er = 1- 

So it will be seen, if Galton 's law is accepted as correct, that 
"each ancestor has some claim in the formation of the individual, 
and behind the grandfather and the grandmother dead hands from 
older graves call in their direction. The past will never let go, 
though with each generation, there is a deeper crust over it for these 
old claims grow less with time because with each generation there 
are twice as many of these competitors."^ 

While Galton's law of ancestral inheritance was not accepted by 
biologists in general as being an absolutely correct statement of the 
actual inheritance relations, it is highly interesting and no doubt 

' Jordan and Kellog: Evolution and Animal Life. 
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embodies many of the important facts related to the subject. How- 
ever the consensus of opinion seems to be that Galton's law only 
expresses a part of what is known of the regular course of inheritance. 

Those who have advocated the theory that malocclusion was 
transmissible have no doubt based their theory upon the assumption 
expressed by Lamarck in his zoological philosophy that "all that 
has been acquired, begun, or changed in the structure of individuals 
in their lifetime is preserved in reproduction and transmitted to the 
new individuals which spring from those which have inherited the 
change.'' 

It is doubtful whether this conception by Lamarck expressed as 
one of the laws of evolution could reasonably be made to apply in 
our field, for the changes referred to as being perpetuated would 
doubtless have to be adaptations of advantage to the individual, 
if they were to survive. 

It is a very apparent fact that many cases of malocclusion are the 
result of mutilations, (i. e., the extraction of one or several per- 
manent teeth), resulting oftentimes in marked disharmonies of the 
arches and adjacent structures, and it is a well-known fact that 
mutilations of any sort or the results of mutilations are not inherited. 
Common evidence in support of such a statement is to be had in the 
case of sheep, the tails of which have been cut off for many genera- 
tions and yet each lamb is born with a tail. Likewise, the high caste 
ladies of China for generations have had their feet bound from 
babyhood, resulting in marked change of form and function, but 
Chinese babies from such mothers are born with perfect feet in spite 
of this fact. 

If malocclusion is to be considered in the light of a variation, this 
still would not necessarily make the condition transmissible for "a 
vast range of variations are ontogenetic, or dependent on the 
influences affecting directly the life of the individual. These onto- 
genetic variations are, strictly speaking, individual, appearing as 
collective only when individuals have been subjected to the same 
conditions. They may be divided into environmental and func- 
tional relations, two categories which cannot always be clearly 
separated, as variations due to food conditions partake of the nature 
of both."i 

"While it is apparent that variation is ever present and also 
apparent that heredity or the fact of likeness is always ever to be 
relied on, the exact relationship or correlation of these two evolution 

' Jordan and Kellog: Evolution and Animal Lif^. 
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fa/tors is not si> apparent. Tliat heredity often presenes or per- 
\H'i\iiiU*s variations after the\' have cx-curred is well proved, but it is 
also \fTi)\'i*<\ that some variations apfjearing in the parent are not 
hand<^i on to the parent's offsprinjr, nor indeed to any future genera- 
tions of the hne. And the general answer to the natural quer>' 
rais<^I hy this condition is that variations which are congenital or 
lilast/ijiTenii', that is, are determined at birth for it (although they 
ap|><*ar of course; r>nly after rie velopment) , are heritable (that is, 
will \h* pass^^l on from parent to offspring) ; but that variations or 
mollifications acquinnl rluring the lifetime of the indi\ndual, that is 
thos^t which are imi>r(fss(*<^l r>n it by extrinsic influences during its 
'* growing up" or <levelopment, will not be heritable. Thus such 
modifications in IkkIv jjarts as may be produced by use or disuse, or 
by other functional stiirmlation or lack of it, changes caused by 
nujiilation or rliseasc, ctr*., are l)elieved by most biologists to be non- 
inheritable. Hence it is that only the congenital variations are 
looktnl on by these biologists as of importance in the matter of 
species-forming."^ 

Orthodontists are frequently confronted by anxious mothers 
who in an efl'ort to explain the condition present in the child's 
mouth will say "this child inherits the condition from me as my 
teeth are crooked," or again they will say ''this child takes after her 
father as his teeth an* very similar to the child's," or they may just 
as freciuently say, 'M cannot understand why my child should have 
this condition as neither his father nor I have it." It is doubtful, 
however, whether heredity is a factor in such cases, it being more 
probably that the condition in the child is but the result of environ- 
mental conditions operating after birth, and in the event of similar 
conditions in either parent that similar influences probably were 
active during childhood in the father or the mother. In other 
words, both or all as the case may be were the victims of similar 
extrinsic influences. At any rate before assuming otherwise, a care- 
ful history of the case should be taken and all known pathological 
causes eliminated before })lacing the burden upon heredity. 

There is little (piestion but that the term heredity as commonly 
used is given too broad an application. This will become apparent, 
when wt» analyze the subject from an embryological standpoint, 
and realize that lu^rtMlity is definitely expressed as the ** appearance 
in the otVspring of characters, factors for which are in the germ cells."* 
According to Weissman, "all animals are made up of two kinds of 

^ Jordan uiul Kellojj:; Evolution and Animal Life. 
* Calkins'. Gary N.: Tgxt-book of Biologj', 
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protoplasm: somatic plasm and germ plasm. The somatic plasm 
forms the structures of the individual, including all the systems of 
nutrition and relation; the germ plasm in the female is confined to 
the eggs and to the endothelium from which eggs are formed, and 
in the male, to the sperm cells and to the endothelium from which 
sperm cells are derived. The somatic plasm wears out and ulti- 
mately dies from old age but the germ plasm is handed down and 
continues to live in generation after generation of descendants. 
The individual thus is a nurse or carrier of the potentially immortal 
germ plasm ; the inheritance comes not from the somatic protoplasm 
of either parent, but from the germ plasm of both, and here is the 
secret of conformity to type— the race is preserved in the germ plasm, 
and the race changes with changes in the germ plasm. "^ 

It has been proven embryologically that all characteristics trans- 
mitted from the parent to offspring must be transmitted through 
the chromosomes of the germ cells. Therefore any change which 
is to occur in the bodily structures as the result of inheritance must 
be impressed upon these structures. Whether or not acquired 
characteristics may be impressed upon the germ plasm and if so to 
what a degree is one of the disputed questions of biology and as yet 
there seems to be no sound evidence to prove that this actually 
occurs. According to Professor Morgan : '* It is true that the germ 
plasm must sometimes change. Otherwise there could be no evolu- 
tion. But the evidence that the germ plasm responds directly to 
the experiences of the body has no substantial evidence in its 
support. I know, of course, that the whole Lamarckian school 
rests its argument on the assumption that the germ plasm responds 
to all profound changes in the soma; but despite the very large 
literature that has grown up dealing with this matter, proof is still 
lacking, and there is abundant evidence to the contrary."^ 

In his discussion of '* conformity to type" Calkins supports this 
theory when he says, ''The main point is that visible changes or 
defects of the parents have no apparent effect upon the eggs and 
embryos produced by them. In other words, the germ cells conserve 
the particular type of the organism producing them, not necessarily 
that of the immediate parents, but of the race to which the parents 
belong." 

Where there is insufficient room in the dental arches to receive 
all of the teeth, i. e., in crowded arches, the explanation of the 
condition is not infrequently made " that the child has inherited the 

* Calkins, Gary N.: Text-book of Biology. 

* Morgan, T. H. : Heredity and Sex. 
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large teeth of the father and the small jaws of the mother/' the 
assumption implying that as the result of the mixing of two diversi- 
fied types malocclusion has resulted. Such an explanation while 
sounding exceedingly logical to the lay mind is hardly tenable when 
considered from an embryological standpoint. The results of 
heredity are clearly set forth in the findings of Mendel^ and have 
been amply verified by other biologists. His findings relative to 
offspring from parents of widely divergent types are of especial 
interest to us in considering the possible bearing of heredity in such 
cases. Mendel's chief data was obtained by crossing different 
varieties of peas (pisum sativum) having widely contrasting charac- 
ters, the details of which will not be recited at this time. The 
results however showed that plants of widely contrasting characters 
produced offspring which exhibited the character of either one or 
the other of the parents in almost undiminished intensity, and while 
some showed intermediate characters, none were produced which 
could not be referred to one or the other of the parent forms. " In the 
case of each pair of characters there is thus one which in the first 
cross prevails to the exclusion of the other. This prevailing charac- 
ter, Mendel calls the dominant character, the other being the recessive 
character.'' Both factors do not come out in the offspring, one 
recessive, remains latent, the other, dominant, predominates over the 
other and is reproduced in the offspring. Thus the principle of 
dominance, where two factors for the same character lie together 
in the fertilized egg was recognized and demonstrated and the same 
reasoning is to be applied in respect to characteristics of the human 
organism. So in the case of parents of widely divergent types, the 
character of one will be dominant while the other will be recessive 
which hardly makes tenable the explanation above referred to as 
the etiology of crowded arches. Coupled with this, the significant 
fact that the teeth and jaws originate from the same group of 
embrvonic cells makes rather weak the claims of those who would 
attach to heredity the blame for this condition. While so brief 
an explanation of the Mendelian laws seems scarcely adequate, the 
brevity of this text hardly justifies any further review of it, so the 
student is referred to any modern work on biology for further 
information. 

In support of the theory that malocclusion is transmissible, some 
observers bring forward the clinical fact that certain families are 
afflicted with "irregular teeth'' of similar type and this evidence is 

* Experiments in Plant Hybridization, 1865. 
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submitted to prove that the condition exists as a ''family trait." 
Admitting the fact that such cases are in evidence, they can hardly 
be accepted as bona fide proof of the contention, unless in a sufficient 
number of generations can be shown the unaltering persistence of 
the condition. Furthermore, it would be necessary to eliminate the 
factor of environment from such cases and this would almost 
invariably prove the undoing of such a theory, for in these instances 
it will be found that those possessing the so-called "family trait,'' 
developed under the same unfavorable conditions. 

So for the present at least it would seem as if heredity occupies 
rather a negligible position among the numerous factors which are 
operative in the production of malocclusion. In reaching such a 
conclusion however, we should not assume too arbitrary an attitude 
but remember that this great subject (heredity) is still an open one 
and some day we may know "all the story," only a part of which is 
in our possession at present. 

Congenital Causes of Malocclusion.— Reference has already been 
made to the fact that the term heredity is frequently given too 
broad an application. Abnormal conditions present at birth are 
often termed hereditary when in reality they are but congenital, 
and there is a vast difference between the proper application of the 
two terms. Hereditary conditions are congenital but congenital 
conditions are by no means always hereditary. Congenital abnormali- 
ties are those which develop in the embryo and are present at birth 
and several conditions may be properly classified under this heading 
which are rightfully numbered among the causes of malocclusion. 

Cleft Palate and Harelip.— Among the most conspicuous and 
unfortunate of those to be considered in this group are ''cleft palate'* 
and ^'harelip,*' These deformities are the result of improper union 
of the premaxilla with the maxillary bud, and are the result of some 
disturbance during intra-uterine life, the exact nature of which has 
never been entirely settled. The effect upon the occlusion of the 
teeth and the functioning of the related structures is so well known 
that any further reference to it is unnecessary. 

Anomalies of Number.— "Supernumerary" or extra teeth are quite 
frequently encountered in both the deciduous and permanent teeth 
and through their interference are frequently the cause of mal- 
occlusion. Likewise, a deficiency of teeth or a lack of the normal 
number results frequently in even more pronounced malocclusion 
depending upon the tooth or teeth which are absent, which facts 
have already been recorded in a previous chapter. 

For the most part these conditions are congenital, in fact may be 
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considered wholly so with perhaps the exception of those cases of 
missing teeth which have resulted from the destruction of tooth 
germs through accident, operation or disease. 

In explaining the presence of supernumerary teeth some observers 
have advocated the theor\' that they are due to atavism^ i, e,, an 
effort on the part of Nature to restore in man teeth which have been 
eliminated in the process of evolution. Such an hypothesis however 
has not stood the test of careful analysis and has been rejected by 
many scientists who feel that their presence may be more logically 
and satisfactorily explained as being due to other causes. Dr. 
Raymond C. Osburn^ in discussing the conclusions of Dr. G. V. 
Black, states: "Dr. Black rejects the atavism theory in toto and 
offers what seems to be a satisfactory explanation based on embryo- 
logical studies. Briefly stated, the theory (for which Black foregoes 
any claim to priority), is this: The enamel germ is the important 
structure in originating a tooth, since it is the first rudiment to 
appear, and its presence conditions the formation of the dentinal 
papilla. Moreover, the size and the form of the papilla and there- 
fore of the tooth, is dependent upon the size and form of the enamel 
organ. This organ arises by proliferation from the dental lamina— 
a continuous plate of cells turned in from the embryonic oral 
epithelium. The rods of cells which arise from the dental lamina 
and which give rise to the enamel organs are by no means always 
limitcMl to a single proliferation for each tooth of the normal series, 
but accessory rods are often observed. The complete evidence is 
lacking, but we may infer that if the proliferations appear in regular 
order and number, the members of the dental series will develop in 
an orderly fashion both in number and in position. 

** But any proliferation of epithelial cells from the lamina, if it is 
of sufficient size and penetrates deeply enough into the tissues, 
may give rise to an enamel organ and consequently to a tooth. We 
have the embryological evidence that such proliferations do occur. 
The extent of their development is probably related to their position 
in the jaw. If situated deeply, in or near the position of those which 
give rise to normal teeth, they may develop into what Bateson calls 
duplicate teeth, or fully developed supernumeraries. When in the 
series they may account for the reconstruction of the series suggested 
by Bateson. If located too close to the normal germs, they may by 
growth become fused with them, giving rise to the various forms of 
'twin' or partially divided teeth. If situated too far laterally 

* The American Orthodontia, No. 4, vol, iii. 
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they may not receive suflBcient nourishment and develop into 'peg' 
or conical teeth, or, if too superficial, may entirely fail to develop. 
If the germs are very small, they give rise merely to the so-called 
'enamel drops.' Multiple-cone teeth, and the so-called 'trans- 
posed molars' occasionally found in the incisor series, are undoubt- 
edly due also to the abnormal development of the enamel organ of a 
tooth germ. 

"The conical peg teeth which occasionally appear in the human 
dentition in place of one of the normal series may likewise be 
explained if we suppose that the enamel organ either arose from too 
small a bud or that for some reason it failed to receive sufficient 
nourishment at the time of its development. This idea will supplant 
the foolish notion of 'insufficient growth force' which has been 
proposed to cover some such cases. I am aware that we are replac- 
ing one assumption by another, but at least we have the advantage 
that we are dealing with processes which we can understand and 
for which observation and experimentation show analogous cases." 

While the foregoing seems to be an adequate explanation of the 
manner in which anomalies of number and form occur, it is quite 
apparent that the influences which bring them about are by no means 
fully understood. That they must and do operate during embryonic 
life is certain, hence their proper classification among the congenital 
causes. Several well-known investigators have claimed that a 
deficiency in the number of teeth (i. e,, missing teeth) is a matter of 
heredity and have specified absent lateral incisors as examples. 
Unfortunately the histories of such cases are not always clear, as 
frequently caries, extraction, or the premature loss of deciduous 
teeth have vitiated their accuracy. It is possible, however, that 
heredity may be a factor and that it manifests its influence in the 
same manner as with variations in other serial structures. 

Abnormal Frenum Labium.— Quite frequently cases of malocclusion 
are observed which are characterized by an abnormal space between 
the upper central incisors. In some instances, although less 
frequently, a similar space will exist between the lower centrals. 
This condition is either instance is usually the result of the abnormal 
development and attachment of the frenum labium, which owing to 
its labial attachment and consequent mobility prevents the central 
incisors from assuming and maintaining their normal approximal 
relations. 

At birth this structure is attached near the gingival border and 
under normal conditions, as the teeth and arches develop, 4;hey grow 
downward in the case of the upper teeth or upward in the case of 
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the lower, leaving the frenum at a higher level of attachment, 
apically, in relation to the gingival border. When abnormally 
attached, this does not however occur as the fibers are then attached 
to the palatal mucus membrane and therefore must grow with the 
other structures, and such growth establishes the frenum as a 
mechanical influence to keep the teeth separated. The degree of 
damage resulting from this condition depends largely upon the size 
of the frenum labium and the manner in which it is attached to the 
lip, viz.: as to whether the gingival portion is thick or thin or 
whether the lip attachment is of such a character that lip movements 
affect the fibers adjacent to the teeth. These factors should be 
carefully considered before deciding upon surgical interference to 
remove the gingival portion. 

Some difference of opinion prevails as to the proper classification 
of this condition but the concensus of opinion is that it is congenital 
and due to faulty development during embryonic life. 

Abnormal Tongue.— The function of the tongue in the normal 
development of the dental arches shares in importance that of the 
other muscular influences to which these structures are subject. 
If abnormally developed, the muscular harmony which must exist 
internally as well as externaly to the teeth is lost and malocclusion 
invariably develops, and so it happens that when excessively de- 
veloped, it is productive of extensive deformity which varies in 
character, sometimes causing a spacing of the teeth with loss of 
approximal contact, or a mesial movement of the lower arch and 
mandible necessary to accommodate it in its enlarged state. On 
the other hand, when undersized, its full normal influence is absent 
and crowded arches may result. Of the two conditions, the latter 
is much less prevalent than the former. In origin, the condition is 
considered congenital although the causes responsible for an abnor- 
mally developed tongue are vague. 



CHAPTER IX. 
PRELIMINARY CONSIDERATIONS OF TREATMENT. 

DUGNOSIS OF MALOCCLUSION. 

The diagnosis of malocclusion implies: (1) A determination of 
the character and degree of abnormality present; (2) a careful study 
of all conditions having a direct or indirect bearing upon its etiology, 
with an effort to determine whether or not the cause or causes are 
still operating; (3) the extent of the changes necessary to restore the 
parts to normal function. 

Determining the Character and Degree of Abnormality Present.— 
1. In considering the masticatory apparatus as an organ of function 
we realize that if it fulfils its mission to the highest possible degree, 
there must be in effect the relationship between the teeth and arches 
which we term normal occlusion. In its absence, in other words, 
where malocclusion exists, there is always manifest one or all of 
three distinct characters of divergence from the normal, namely: 
(a) A variance of normal tooth positive, (b) an absence of normal 
arch form, (c) a lack of normal arch relation. The case may embody 
all three of these abnormalities and in fact such will be the condition 
in the majority of the mouths observed but it is well to keep these 
points of variance in mind. 

In making an examination of a case, it should first be studied with 
the idea of properly identifying it with the class of malocclusion to 
which it belongs, that is, whether or not it belongs to Class I, Class 
II or Class III. Owing to the simplicity and accuracy of the 
"Angle Classification'' this may usually be accomplished solely 
through oral examination although accurate impressions should be 
taken of the upper and lower arches, and accurate models made for 
further study and future comparison. Where treatment is con- 
templated, this important step should never be overlooked, for 
models which accurately depict the malocclusion not only give 
additional information as to the character and degree of the abnor- 
mality present but constitute the only definite means of judging 
changes which are brought about through treatment. The details 
of this phase of technic will be considered later in a discussion 
devoted solely to it. 
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'ilie teeth themselves should be examined to determine whether 
or not tlie\' ant normal in num(>er and struciiire, for frequently 
tnumvdVut^ nia\' exist which in themselves may prove a decided 
hindranr^ in treatment- WTiere the normal number of permanent 
teeth cannot \Ht rearlily accounterl for, i. e., where a mixed dentition 
iji present, or where deciduous teeth only are present, a roentgeno- 
f(raphic examination should F>e made. The iiisdom of this precau- 
tion should W* apparerit, for the future occlusion can hardly be 
detiTniined without knowing whether or not all of its units are 
Ui \h* available. 

^riie soft tissues of the mouth should be examined and their state 
of health detxTrnined, for where treatment is contemplated the 
health of the investing tissues is not only of vital importance to 
satisfactory jirogress, but is also of very decided importance to the 
health and comfort of the patient. 

'I'hc muscles in and about the mouth should receive careful 
scrutiny and an effort should be made to determine their relative 
develoj>ment, vigor and habits of use. The importance of this 
phase of diagnosis cannot be overestimated for these structures to 
a large degree must be depended upon to maintain the teeth in their 
normal relations when once that relationship has been established, 
for normally developed and normally used muscles are absolutely 
esst»ntial to the maintenance of normal function not only of the teeth 
but of the other oral structures of which the teeth are but one factor. 

Determining the Factors Responsible.— 2. In order to determine the 
factor responsible for the development of any given case of mal- 
occlusion a careful history of the case should be obtained and the 
rt»lati\'e bearing of ascertained facts should be tallied with con- 
ditions j)rt»sent in the moutli. If such a history reveals the fact 
that the causes are purely local and the conditions in the mouth bear 
out this ass\nnption» the case may be placed under treatment with 
mu(*h moiv confidence than where the cause of the abnormalitv is 
umwealed or is mort^ or less a matter of conjecture. Where this 
last-meutiontHl sitiuvtion is present, caution should be exercised in 
giving too grtnit assuranc^e to the patient of the ultimate success of 
orthodontic treatment for where the cause or causes cannot be 
detenuineil and where it cannot l>e reasonably assumed that they 
art> no longer in effect, makxM.'lusion may recur even after the most 
eart^ful trt^atment. Therefore, we should proceed under such eir- 
euiustanct^s only with all such facts known to the patient or to those 
rt^sponsible for it. Failure to properly heed this precautM)n may not 
i>nl^v lead to situations of great embarrassment but wiU subject the 
operatoar to the suspicion of dishonesty or incompetence. 
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The Extent of the Changes Necessary to Restore Normal Function.— 
3. The extent of the changes necessary to restore the parts to 
normal function vary greatly in degree from the simple movement 
of one or more teeth to the complicated procedure of changing the 
positions of all the teeth and the mesio-distal relationship of the 
opposing arches. 

In the first-mentioned condition, i, e., where malocclusion is mani- 
fest only by a tooth or teeth being at variance with their normal 
positions, the occlusion should be studied with the idea of determin- 
ing definitely that abnormality exists to this degree only. As com- 
pared with the greater number this type will be found to be rather 
rare for if it exists for any length of time, malocclusions of a more 
complicated nature will usually develop through the migration of 
the remaining teeth. 

Common instances of this type are to be observed in mouths 
where one or more of the upper incisors have been deflected lingually 
to the extent that they occlude to the lingual of the lower incisors. 
When restored to their normal functional relations, the mechanical 
action of their inclined planes supply the influence to maintain them 
there although mechanical support for a reasonable period should 
be afforded them. While the incisors only have been mentioned 
in this connection, the same condition may prevail with any of the 
other teeth and in some instances may present difficulties which 
require a high degree of judgment and skill in their handling. 

In cases characterized by an absence of normal arch form the 
operator is confronted with the necessity of restoring such arches 
to normal form and function. The amount of change required to 
accomplish this naturally varies greatly, although many cases show 
a striking similarity and therefore are amenable to similar treatment. 
Examples are to be seen in those cases among young children where 
the permanent incisors assume slightly crowded positions as a result 
of arrestments of development in the anterior portion of the arches. 
With such cases the widening of the arches in their anterior portions 
is clearly indicated. In some instances slight expansion in the 
canine region will suffice, but more frequently the lateral enlarge- 
ment must include the deciduous first molars (or first bicuspids if 
they are present). With the requisite amount of space provided, 
the crowded incisors may then be placed in their normal relations. 

All too frequently the orthodontist is confronted with conditions 
which have progressed beyond this simple and relatively speaking 
uncomplicated state. One or both arches may be so maldeveloped 
that a complete reorganization of the parts is essential to the 
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restoration of normal arch form. This brings the operator face to 
face with the necessity of determining what requirements are 
essential to restore normal arch form in the particular individual 
under observation. In other words, what is to be the line of occlu- 
sion? To what form, dimensions, and relations must the arches and 
teeth be carried in order that they will harmonize in function with 
the other related structures? 

Fortunately in many cases, all ^'guiding signs'' are not absent for 
one arch may have deviated but shghtly from the normal and may 
therefore offer valuable information as to the relative width and 
length of the other. In fact, numerous cases are encountered where 
the form and size of the arches necessitates little calculation as the 
change required is one of relation, with perhaps slight modiiBcations 
in arch form and tooth relation to adapt the opposing teeth to the 
changed relations of the arches. Instances of this character will be 
found in all three of the primal forms of malocclusion, perhaps being 
more frequent in cases of Class II and Class III. In the absence 
of such aid, it becomes necessary to determine by other means the 
extent and direction of the developmental changes which will 
restore the arches to normal form and function. 

At the mere mention of normal occlusion, there is produced in the 
mind of every student of anatomy a vivid picture of the relationship 
between the two arches, which the term implies, as well as the 
general contour of the individual arches and the necessary inter- 
relation of the opposing teeth. It would seem therefore that it 
should not be difficult to state in exact terms just what constitutes 
normal arch form. Simple as it may seem at the outset, the task of 
formulating such a definition is beset with numerous difficulties, as 
proven by the wide variance of opinion expressed by many studious 
observers. 

If a large series of specimens with normally occluded teeth be 
examined (in either skulls or living humans), it will be found that 
there is quite a variety of arches which will fall within the realm of 
those which we can consider normal, in fact, these variations are 
sufficiently numerous so that it appears difficult for us to lay down 
exact laws or state in exact terms just what constitutes normal arch 
form. 

This perplexing situation is not difficult to understand when we 
consider that the same degree of variability applies to the other 
structures of the human body. Take the skull for instance, and note 
the vast range of variations both as to size and shape. It should 
be obvious that as the dental arches are but one part of the face 
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and skull that their form must naturally be influenced within certain 
limits by the other structures of which they are but one unit. In a 
general way then, it is but natural to assume that the form of the 
arches should correspond to the form of the skull, in other words, 
that just as skulls may be classified according to their relative 
length and breadth, i. e,y their cephalic index, so may the arches and 
jaws be expected to take more or less definite forms as adaptive 
parts of these other structures. However, this does not always 
hold true in the degree which the above may imply and any state- 
ment to the effect that the arches vary according to the type of the 
skull can only be accepted as expressing a rather general truth. 

A well-known anthropologist^ when asked to define the normal 
dental arch stated: "Under ordinary conditions of the skull and 
jaws, a normal dental arch is the arch of the normal set of teeth. 
Unless otherwise interfered with, the arch is what the teeth have 
made of it.'' He further ventures the opinion that it would be 
impossible to state in exact terms of form, size and detailed measure- 
ments just what the normal arch should be. "We find a whole 
range of arches with normal teeth which although otherwise strictly 
normal anatomically and anthropologically, yet differ in shape as 
well as dimensions and this from childhood onward. We have even 
reached a certain classification of these normal arches; elliptic, 
ovoid, approaching circular, U-shaped, diverging. We speak of 
them also according to their breadth; strictly within limits of normal, 
as medium, narrow and broad; according to length; as medium, 
short or long; and according to relationship between length and 
breadth; as meso-uranic, dolicho-uranic and brachy-uranic.*' 

He closes his discussion of this phase of the subject with the 
statement that "we may have or may arrive at such a thing as 
an average dental arch, though even then this must differ with race 
and sex, besides age; but we do not find in any of the larger groups 
of humanity any single type of the arch which alone could be 
considered as normal. 

"A normal alveolar arch, after all these considerations, may 
perhaps be defined as one bearing, or having borne a normal set of 
teeth, normally erupted, and not exceeding in any respect the 
morphological variation of the structure in the group of humanity, 
sex and age under consideration.'' 

In spite of existent variations, we are confronted with the necessity 
of coming to a more or less definite decision as to the proportions of 

1 Hrdlicka, Ales: The Dental Cosmos, No, 9, vol. Iviii. 
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the arches we must create for our patients. This is by no means a 
small problem as will be apparent to anyone who studies the subject 
closely. In the first place we are given no choice as to the material 
with which we must work as the sizes and forms of the teeth are 
given to us and frequently they promise little in the way of artistic 
results for Nature often fails in supplying teeth which in size or 
form may be adapted to the other structures and give perfect 
harmony of results. The assumption that Nature always produces 
teeth which are harmonious with the face and skull is one which is 
founded upon insufficient and inaccurate information. It is true 
that Nature seems to be ever striving to reach or realize harmony but 
it is quite apparent that her success in these efforts is frequently only one 
of degree and sometimes she fails appreciably. So, in determining 
what the form of the arches shall be, we must study closely the majority 
of instances in which harmony of function and facial contour is approxi- 
mated and from the kmmledge thus gained deduce the general principles 
on which the highest possible degree of success may be obtained in the 
cases under our care. 



CHAPTER X. 
DIAGNOSTIC AIDS. 

Several investigators realizing the advantages of some definite 
plan which would guide the operator in orthodontic operations 
involving the establishment of normal arch form, have developed 
methods which are of assistance. These vary somewhat in detail 
and perhaps none of them may be accepted as having definitely 
solved the problem of determining "the ideal" for each and every 
case. However, they undoubtedly go as far toward that end as is 
humanly feasible and if followed as a guide or as means of ayproxi- 
mate measurement for limiting orthodontic operations^ make possible 
the establishment of the teeth in a degree of function which will 
make them collectiv ely more adaptive to the requirements of their 
related structures. 

These methods (of arch predetermination) are for the most part 
geometric or mechanical in nature and are based upon the Bonwill 
principle or principles closely related to it and have as their object 
the establishment of arch form in keeping with advantageous 
occlusal laws, compatible with desirable esthetic results. They also 
involve the careful consideration of the available tooth material 
of the opposing arches with an effort toward harmonizing it to the 
best advantage. 

A civil engineer interested in some of the problems of orthodontia 
once made the statement that "Orthodontists must outgrow the 
use of indeterminate appliances and borrow from engineering the 
practice of laying out on i)aper what they propose to do before they 
try to do it." He supplemented this remark by saying that until 
such a plan was adopted, "Orthodontic treatment would continue 
to be purely ex])erimental— an art based on experience."^ 

Fears have often been ex])ressed and objections raised to injecting 
into dentistry any mathematical or mechanical method for pre- 
determining the form and size of the dental arches, one of the chief 
objections offered being that such a plan if adopted would eliminate 
the exercise of artistic judgment in our work. If the dental pro- 
fession was filled with artists, this objection might be logical, but an 

* Fish, Gillwrt D.: Tho Dental Cotimos, No. D, vol, lix. 
8 
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examination of the mouths of the majority who wear full upper and 
lower dentures and of those who have had their mouths subjected 
to the vagaries of hit-or-miss orthodontia, bears eloquent testimony 
to the fact that almost any plan founded upon normal anatomical 
principles as well as on recognized principles in art would be far more 
safe for the profession to follow. 

The criticism has also been made that the Bonwill principle or 
others closely related to it if applied to orthodontia would establish 
in the mouth "an average arch" and not necessarily the ideal arch 
conforming to the type of the individual. In considering this point 
we cannot but realize that a good average arch will far better satisfy 
the needs of function than the hit-or-miss attempt to establish the 
teeth in harmony -with the type of the individual under considera- 
tion. 

It is safe to say that the majority of patients who have undergone 
orthodontic treatment have not received the maximum benefit 
possible, owing to the fact that the operators have tried to establish 
arch form in accordance with their own set ideas of what the patient 
needed. A close analysis of many cases shows the need of expansion 
in the lateral half of the arches. Instead of carrying this expansion 
to the needed degree, the average operator will push the anterior 
teeth forward and create a long narrow arch which is in the majority 
of cases, both incorrect anatomically and artistically. The laity 
have commenced to realize this and orthodontists are not infre- 
quently asked by solicitous parents who are considering orthodontic 
treatment for their children, "Doctor, will this make my child look 
too mouthy"? All of which shows that they have noticed the 
mutilating effect of arches created without any definite idea of what 
constitutes normal arch form and which in reality are created only 
with the idea of getting all the teeth in the mouth arranged in a 
concentric line. 

Therefore, the author is convinced that if those who are interested 
in establishing normal arch form would adopt as a guide or as a 
means of approximate measurement for limiting orthodontic operations 
any plan of arch predetermination which is based upon the principle 
of harmonizing the tooth substance of the opposing arches in a 
manner to give mechanical advantage and at the same time fulfil 
esthetic requirements in keeping with meritorious standards, will 
render a far greater service to his patients than is possible to him who 
depends upon his "eagle eye" to guide him on his way. 

Before going into details as to the architecture of such arches, it 
will be interesting to note the opinions of some well-known authori- 
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ties who apparently are reasonable in agreement upon certain 
phases of arch form which are of interest to us. 

A. H. Thompson in his book on Comparative Dental Anatomy 
describes four typical arch forms (Fig. 56). The square arch he 
says, is found usually in persons of strong osseous organizations of 
Scotch or Irish descent, i. e., Gaelic extraction. . . . The 
rounded square is the medium arch usually found in ordinary well- 
developed Americans. . . . The rounded arch is quite charac- 
teristic in some races, as the brachy-cephalic South Germans. 
. . . The rounded V is the arch of beauty and that most admired 
in women of the Latin races. 

Bonwill in his work on the articulation of the teeth examined 
4000 dentures in living persons and 6000 skulls and from these 
observations established as a standard an arch based on the equi- 
lateral triangle and conforming closely to the most perfect arches 
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Square. Rounded Square. Rounded. Rounded V. 

Fig. 56. — Thompson's conception of the main types of the dental arch. 

found. While not conforming exactly to any of the types illustrated 
by Dr. Thompson, it appears to be a combination of the rounded 
square and the rounded V, as might be expected, when we consider 
that Dr. Thompson presented what he considered distinct racial 
types and Dr. Bonwill, an ideal selected from the most perfect 
dentures found in his inv^estigations (Fig. 57). 

While Dr. Bon will's efforts were for the most part put forth in an 
effort to solve some of the mechanical problems of occlusion as they 
apply to prosthetic dentistry, he unquestionably realized the 
desirability for arriving if possible at a definite idea of what con- 
stituted normal arch form as it applies to modern man. 

** The teeth are arranged in the jaws in the form of two parabolic 
curves, the superior arch describing the segment of a larger circle 
than the inferior, as a result of which the upper teeth slightly over- 
hang the lower/' (Broomell) 
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" The arches have the form of a parabolic curve, the incisors and 
canines of both arches form part of the arc of a circle. The arches 
viewed from the side show a curve from the front to the rear. The 
curve begins to go upward back of the iBrst molars.'' (Gysi) 

*'In the skull, in taking the two cuspids for the starting point, 
the arc of a circle is found. On dropping a line from the cusp of the 
cuspid to the wisdom tooth, the posterior part is seen to diverge 
considerably from the central line. If the articulated skull should 
be placed with the buccal surface toward the observer, a gentle 
curve downward will be seen from the cuspid to the second bicuspids, 
rising there until the wisdom teeth are reached.'' (Talbot) 
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Fig. 57. — Bonwill's ideal dental arch. 



"The upper teeth are arranged in the form of a semi-ellipse, the 
long axis passing between the central incisors; occasionally the 
molars and bicuspids form a straight line instead of a curve and 
frequently the third molars are a little outside the line of the ellipse. 
. . . The incisors are arranged with their cutting edges forming 
a continuous curved line from cuspid to cuspid and this line is con- 
tinued over the cusps of the cuspids and buccal cusps of the bicuspids 
and molars to the distal surfaces of the third molars. . . . The 
lower teeth are arranged similarly but on a slightly smaller curve, 
so that the line of the ellipse which falls on the buccal surfaces near 
the gum of the lower teeth." (Black) 

**The teeth of the upper jaw are arranged along a curve of larger 
dimensions than those of the lower." (Tomes) 

* 'The normal type of dental arch I conceive to be a regular line. 
The arch may be wider or narrower, varying somewhat in individuals 



TttB MAWLEY METHOD OF PREDETERMINATION 117 

or races, but the line will be an easy graceful curve without a break 
or tendency to form an angle." (Kingsley) 

It seems to be quite generally conceded that the six anterior teeth 
describe the arc of a circle and that the general form of the normal 
arch is parabolic in character. If we accept this our next concern 
would be to arrive if possible at some definite idea of the size of the 
circle from which the arc is taken and the relationship which the 
arc bears to the width of the arch, its length, etc. These details 
are included in the brief review of the work of the investigators 
already alluded to which follows. 

Admitting that variations are present in the relative proportions 
of normal arches as existent in Nature and coupled with the fact that 
few men are endowed with the ability and judgment necessary to 
interpret with accuracy the intentions of Nature in individual cases, 
the advantage of some such guide or working hypothesis is not 
difficult to understand. As stated before, evidence in support of 
the need of such a plan is to be seen on every hand if we but observe 
carefully the average person wearing a full upper and lower denture, 
or take note of the mouths which have been submitted to the chances 
of vague and indeterminate orthodontia. It would be difficult to 
say which branch represents the greater number of sins, but it is 
safe to say that numerous crimes have been and are being committed 
in the name of each. 

The Hawley Method of Arch Predetermination.— Dr. C. A. Hawley^ 
was among the first to realize the chaotic and indeterminate attitude 
of the average operator toward arch determination and prompted 
by a desire to render diagnosis more simple and accurate, ingeniously 
adapted the Bonwill principle to orthodontia. It will be recalled 
that Dr. Bonwill's geometrical figure represents an equilateral 
triangle inscribed within a circle, (Fig. 58) its base FG representing 
the distance between the condyles, which varies in living subjects 
from 3 to 5 inches. According to his plan, in artificial dentures, the 
teeth are arranged with the cuspids and incisors in the arc of the 
circle AJCH, the size of which varies according to the size of the 
teeth selected for the case, and this selection is left to the judgment 
of the operator. 

"In order to use this principle in orthodontia, where we have the 
size of the teeth given us, and from their widths the diameter of the 
circle AJCH, we must reverse the order of procedure and find a 
connecting relation between this circle and the equilateral triangle, 

1 An Accurate Method in Orthodontia, Journal of the Allied Societies, July, 1906. 
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AFG, or the circle within which it is inscribed. It is found in the 
triangle F^DC, constructed with its apex at the point C, on the 
diameter of the circle AJCH, and its base tangent to the same circle 
at A, the sides passing through the points J and H, located on the 
circle by the distance of the radius from A. 

"In application, to construct the diagram, we take the radius 
of the circle AJCH from the combined widths of the central lateral 
cuspid teeth shown at AB. With this radius AB, upon the line AC, 
which becomes the extended diameter of the circle, draw the circle 
AJCH and with the point of the compass at A, mark off the radius 
upon the circumference at H and J. We have here the arc of the 
circle upon which the six front teeth are to be arranged, but know 
nothing of the size of the triangle AFG. From C draw^ the lines CE 




Fig. 58. — Hawley's adaptation to orthodontia of the Bonwill principle. 



and CD, through H and J, extending them indefinitely, and draw a 
tangent to the circle A, cutting these lines at E and D, and forming 
an equilateral triangle ECD. Take one side of this triangle as a 
radius and with one point of the compass at A, and the other upon 
the extension of the diameter at I, describe the large circle AFG. 
We can now^ mark off the radius six times on the circumference of 
this circle and connecting the intervening points, draw the triangle 
AFG. Then draw the lines FJ and GH and we have the desired 
diagram or arch upon which we may measure off the teeth with the 
width as found in the mouth. The teeth can then be drawn full, 
as shown in Fig. 59, or the single arch line can be used.'' 

This method if applied to the upper teeth, locates the line of 
occlusion directly over the buccal cusps of the molars and bicuspids 
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and the incisal edges of the incisors and cuspids and if applied to the 
lower teeth, locates the line of occlusion in a similar manner. 

As a result of his investigations which included a careful study of 
the variability in the size of the teeth not only in different subjects 
but also as they occur in their relation to each other in the same 




mouth, Dr. Hawley developed a set of charts applicahle to all cases. 
The charts are made up on transparent celluloid which greatly 
enhances their utility for the proper charts indicated for anj- specific 
case under consideration can be placed over the occlusal surfaces 
of each model and the needed changes in the occlusion of each arch 




readily observed. Illustrations of the method are shown in Figs. 
60 and 61. In these illustrations the upper arches only are shown 
but the same principle was applied to the lower arches. 

As an illustration of the thorough manner in which Dr. Hawley 
investigated the subject and reached his conclusions the following 
is quoted from one of his articles. 
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So far in deaiinj; with this subject we have presumed that the 
central'! lateralb and/uspuis were erupted or that the denture was 
praiticalh completed But to be scientific and progressive, 
orthodontia must assume an attitudt of prevention in early life. 
This necessitates a recognition of dwarfed and abnormal conditions 
as scHUi as the\ api)ear \'er\ earl\ in the use of this method, I 
found that in a large number of cases coming into my hands, the 
netessdr\ data could not be ol)tained Most often the cuspids were 
erupted and in ma^^ cases the laterals also.. My first recourse 
was to measure the central incisor then refer back to a case pre- 
viousK treated having a central of the samS width, and presuming 
that the teeth were alwavs ni proportion, use that arch. While 
furnishing a fairlj accurate guide the\ariations that were at once 
apparent led me to enter into an in\'estigation of the proportionate 
widths of teeth, as they oc;cur in the same mouth, with the object 
of establi.shing a series of apjjroximate arches for use in j'oung 
patients. For this purpose, I have collected measurements of over 
m) sets of teeth. . . ." 




FiQ, CI. — Ap|)lic;ilioii of the Hawicy method of arch prcdeterminntiiin, showing the 
upper arch before and after treatment. 

Dr. Black, in his Dental Anatomy, has published a table of mea- 
surements of the teeth, in which is found the amount of variation 
in their mesio-distal width, but without reference to their variation 
in the same mouth. Selecting these measurements, we have: 

Ceiitral inqiaora 0.31 to 0.39 

Lateral incisors 0.19 to 0.29 

Cuspids 0.27 to 0.35 

First bicuspids 0.27 t« 0.31 

Second bicuspids 0.23 to 0.31 

First molars 0.35 to 0.47 " 

" It will be noticed that, with the exception of the first bicuspid 
and the first mular, there is a uniform \'ariation of 8 points, the first 
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bicuspid making 4, one-half that amount, and the molar 12. These 
measurements do not represent the greatest extremes, but those 
occurring outside these figures are rare. Now, if the teeth were 
found in the mouth in the same proportion in respect to their 
greatest and least width, that is, if with a 0.31 central, we would find 
a 0.19 lateral, a 0.27 cuspid, 0.27 first bicuspid, 0.23 second bicuspid 
and 0.35 molar, and so on with each size of central, we could make out 
the radius of each size central and from these draw proportional dia- 
grams. But such is not by any means the case. With a 0.31 central, 
we often, in fact, usually, find a lateral 0.2() or 0.27, and the cuspid 
may be quite small or well up in the scale, or we may have a central 
and lateral in good proportion and the cuspids much larger. In order 
to discover the nature of this variation, I selected from the 100 
measurements all the cases of each width of central, and made of 
each of them a table. The number of cases of each size central was 
0.31—15, 0.32—7, 0.33— 1(), 0.34— 1(), 0.35—9, 0.30—14, 0.37—13, 
0.38 — 5, 0.39 — 2. A number of the 100 cases I was unable to use, 
on account of missing teeth or so great variation as to question the 
accuracy of measurement. 

"Collecting each of these sets, I have nine tables, of which this 
one of the 0.35 central is an example: 
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"Taking the average of the widths of the other teeth, I have the 
average width of teeth that will occur with each width of incisor 
and from these averages the average radius which will give us the 
probable arch for each size central. 
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"In the last column I have placed what I will call the corrected 
radii, in which we get an ascending gradation. I wish, at this time, 
to point out the nearly uniform gradation of the first molar and later 
refer to its significance. Now, taking these corrected radii, we will 
get an arch for each width of central and I will propose these as a 
basis of diagnosis, study and treatment of cases where only part of 
the teeth are erupted, or under the age of twelve years. Or using the 
radius in hundredths of an inch for comparison they may be used as 
a guide for all cases, for where we can measure all the teeth w^e have 
only to select the diagram with the correct radius, and measure in 
the teeth. Remembering that these arches are only averages and 
smaller or larger teeth will constantly occur in connection with the 
particular central, is there any indication by which we can judge 
in which direction this variation will occur, i. e.y toward smaller or 
larger teeth? I think we have this in the first molar and this tooth 
is always present at the time of the eruption of the central incisor. 
As the first molar varies up or down from the average width, I 
believe the rest of the teeth will vary. For instance, we will suppose 
we have a case in which the central incisor is 0.34 and the first molar 
0.42. If I had a second case with the same size central, but with the 
first molar 0.44, 1 would presume that the lateral and cuspid and all 
the rest of the teeth would be likely to be large and would select the 
next larger arch. In this way I think we have the key to a pretty 
accurate judgment of the future denture. In making up these 
averages, I have tried to err, if at all, on the side of the larger arch, 
believing if we do get the arch slightly larger than the teeth will fill, 
if it is properly shaped and the teeth are placed in normal occlusion, 
as the amount will at the worst, be only a few hundredths of an inch, 
the pressure of the cheeks and lips, the influence of the occlusal planes 
and the pressure forward of the second molar in eruption will close 
the spaces. Nature has given us an example of the wisdom of this 
provision by making the combined widths of the temporary molars 
considerably more than that of the bicuspids, which are to take their 
places. 

"Similar tables were made for the lower teeth, and the result 
makes it evident that the uniformity of lower arches, drawn from 
the measurements of the lower incisors and cuspids, is not to be 
depended upon. While the lower bicuspids and molars are fairly 
uniform in their relation to the upper, within the same mouth, the 
incisors and cuspids are not. This lack of uniformity is probably 
compensated for in the inclination of the teeth and the overbite. 
Without discussing these variations at length, I wish to advise that 
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instead of drawing the lower arch from measurements of the lower 
teeth, as described in my former paper, the radius for the lower be 
taken from 0.13 to 0.23 of an inch shorter than the upper, depending 
within this variation on the size of the teeth or the distance from the 
line of occlusion to the crest of the buccal cusps." 

As a means of analyzing arches and determining the approximate 
proportions which must be created so that the teeth may be placed 
in a harmonious and efficient occlusion, the method will prove 
advantageous to any who will carefully carry out its details of 
application. 

The Gilpatric Method of Arch Predetermination.— Some very 
interesting work along the line of arch predetermination has been 
done by Dr. W. H. Gilpatric^ whose idea of the normal arch differs 
slightly in some details from that already presented. Upon com- 




FiG. 62. — Diagramatic outline of a normal arch containing a definite amount of 

tooth substance. (Gilpatric.) 

paring his conception of it with that already described, it will be 
observed that the anterior teeth lie upon the arch of a circle and the 
arches are parabolic in form although of slightly greater width for 
an equivalent amount of tooth substance. The diagramatic outline 
of such an arch is shown in Fig. G2. 

It is interesting to note the process by which Dr. Gilpatric arrived 
at his conclusion. Like some other investigators, he was convinced 
that the form of the arch must depend to a large extent upon the 
amount of the tooth substance within it. With this idea in mind, he 
selected artificial teeth whose tooth substance was equivalent to 
that found in natural arches of various sizes. These set up in an 
anatomical articulator and arranged them according to his con- 
ception of what constituted normal arch form. He then subjected 

* Internat. Jour, of Ortho. and Oral Surg., March, 1919. 
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these teeth to all the various movements of occlusion and modified 
the shape of the arches until all such movements were possible. 

When this point was reached, each arch was surveyed so that the 
arch form and dimensions could be recorded, and from these records 
he produced a set of charts on transparent celluloid which he has 
called " Orthodontographic Charts/' This analysis covered arches 
which varied in tooth substance from 74.5 m.m. to 101 m.m. for 
the upper arch, measuring from the buccal groove of one first molar 
to the buccal groove of the other first molar, and the corresponding 
lesser tooth substance for the lower arch, which he found varied 
with the upper from 8 m.m. to 12 m.m. Twenty-seven pairs of 
charts which represent the arches varying between these extremes 
(74.5 m.m. to 101 m.m.) constitute a set, the variation in each pair 
being but 1 m.m. 

In addition to the arch outline and the line of occlusion, each chart 
shows the distance between the molars, a straight line being run 
across from one buccal groove to the other, and the median line is 
also represented by a straight line, running perpendicular from the 
center of the molar line to a point between the central incisors. 
In practical application, the use of these charts may be briefly 
described as follows: 

Step No, 1.— The positions of the occlusal surfaces of the teeth 
as shown on the models, are registered upon the surface of trans- 
parent tracing cloth by means of a simple surveying instrument 
designed by Dr. Gilpatric for the purpose. The median line of the 
mouth is located and marked on the model so that it also appears 
in the design. 

Step No, 2.— Measure the mesio-distal diameters of the teeth 
from the buccal groove of one first molar to the buccal groove of the 
other first molar, so that the exact tooth substance between these 
two points is known. If teeth are unerupted (or deciduous teeth 
are present), the average width of such teeth as given by Black is 
used. 

Step No, 3.— Compute from the measured mesio-distal diameters 
of the teeth, the amount of tooth substance in the arch, and select 
a chart having a corresponding amount of tooth substance. 

Step No, 4.— Superimpose the abnormal arch diagram over the 
normal arch diagram, allowing the median line of one diagram to lie 
directly over the median line of the other and allow the molar line 
of each to be superimposed at the point where it crosses the median 
line (Figs. 63 and 64). The diagrams will in this manner give a 
very accurate idea of the extent to which the abnormal arch varies 
from the normal arch diagram. 
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Where the operator does not wish to go to the work entailed in 
registering on tracing cloth the tooth positions of the case under 
consideration, the tooth suhstance may be computed from the mode) 
and the proper chart selected and placed over the model in the same 
manner as is done with the Hawley Charts. By this means the 
tooth movements necessary to restore normal arch form in accord- 
ance with the requirements of the charts are rcadil,\- in<licated. See 
Figs. 65. 
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As already stated, such a metliod offers a helpful means of 
analyzing arehes and determining the approximate proportions 
which must be created so that the teeth may be placed in a harmo- 
nious and efficient occlusion, and will prove advantageous to any who 
will carefully carrj- out its details of application. 



CHAPTER XI. 
IiMPRESSIOXS AND MODELS. 

The necessity for accurate models of the teeth and arches of any 
case of malocclusion for which treatment is contemplated has 
already been alluded to. The value of such models may be briefly 
stated as follows: (1) They furnish to a large degree the necessary 
information as to the degree of abnormality present; (2) they 
constitute the only accurate record of the status of the occlusion 
prior to changes which are brought about through treatment; (3) 
they show by comparison with the corrected occlusion (or models 
made w^hen this end has been gained) the benefits gained by the 
patient through the efforts of the orthodontist. 

Great care should be exercised in taking the impressions for such 
models for unless they are clear and accurate, the models made from 
them will not truly depict the malocclusion present. It should 
be obvious that impressions should be made of both arches for 
without both a comprehensive study of the occlusal relations of the 
teeth is impossible. In extent, the impressions should include not 
only the teeth but to as great an extent as possible the alveolar por- 
tions of the maxilla and mandible. For this work, we have the 
choice of two materials, namely, plaster of Paris and modelling 
compound. 

Taking^ the Impressions with Plaster of Paris.— Before attempting 
to take any impression, the teeth should be carefully cleaned and the 
soft tissues wiped off with pledgets pf cotton so that any undue 
amount of mucus will be removed. The proper tray should then be 
selected and fitted into the patient's mouth to be sure that it is of 
correct size and may be readily inserted and removed. Such a tray 
should have high sides and be large enough to allow a comfortable 
bulk of plaster (at least | inch in thickness) on the buccal and labial 
sides of the teeth, as well as an equal amount on the palatal or lingual 
sides. It is important that the tray be made of a sufficiently flexible 
material so that slight changes in its shape may be made to meet the 
requirements of unusual cases. 

Only the best impression plaster should be used, When mixing 
it, it should be sifted into a proper mixing bowl containing warm 
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water of comfortable temperature. It should be carefully mixed 
to an even thick, creamy consistency and should be free from air 
bubbles. 

In taking the upper impression, the tray is well filled in its occlusal 
portions, care being exercised to place very little over the palatal 
portion for when the impression is carried to place about the teeth, 
the excess from the occlusal portion will readily travel in this direc- 
tion and prove ample for the palatal portion of the impression. If 
this precaution is not exercised, the excess of plaster will simply be 
forced back onto the soft palate and will be apt to gag the patient. 
A slight excess of the plaster is placed in the front part of the upper 
tray or on the handle of the tray to be used when necessary in 
providing ample plaster to obtain a good impression of that portion 
of the arch under the upper lip, the additional plaster being carried 
to place upon the index finger. When the upper tray is inserted, it 
is carried well up into position, care being exercised not to allow any 
excess of plaster to work back into the patient's throat. Large 
pledgets of cotton held on suitable pliers or attached to wooden 
applicators may be used to control this situation if it arises. 

The impression is supported firmly in position until the plaster 
has thoroughly crystallized. When this stage is reached, the tray 
is removed but the impression is left intact upon the teeth. If any 
parts of the impression come away with the tray, they should be 
preserved so that no portion of it will be lacking. The impression 
is then removed in sections as follows: Vertical grooves are cut in 
the canine region which in depth should be about two-thirds the 
thickness of the impression in this region, and with a deft pry of a 
knife blade the plaster at these points is fractured. Then with a 
backward and downward pressure of the thumb, the buccal portions 
of the impression will break off usually in one piece. The labial 
portion also can usually be removed in one piece although a greater 
number is not detrimental to the finished impression if all the 
fragments are retained. With the labial and buccal portions re- 
moved, the palatal portion can usually then be pried away in one 
piece (Fig. ()(>). The lower impression is obtained in a similar 
manner, although in its removal, it frequently breaks up into a 
greater number of fragments. However, this is not necessarily 
detrimental providing the plaster is well crystallized so that the 
fracture lines are clean and sharp. 

Assembling^ and Varnishing^ the Impressions.— All the sections of the 
impression are then placed in a suitable container and set aside to 
dry. When this has been accomplished, they are assembled, the 
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parts being attached together with sticky wax. Where the impres- 
sion has been properly taken and the various sections have been 




Fig. 67. — An upper plaster impreBaion assembled and ready for varnish. 



carefully placed together, the jjoints of apposition of the different 
sections should not show any line of demarcation {Fig. 67). 

Impressions should then be varnished first with two coats of wry 
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(Am shellac, ample time being given between coats for the varnish 
to dry. The function of the shellac is to give a color medium to 
guide the operator later, and also to fill the pores of the plaster so 
that when a third coat of varnish is applied a smooth glossy finish 
will be obtained. This third coat should be of very thin sandarac 
varnish, care being exercised not to let the varnish be of sufficient 
thickness to fill in any of the fine lines of the impression. 

Pouring the Impressions,— After the last coat of varnish is 
thoroughly dry, the impressions are ready to pour. The skilled 
operator can pour both impressions at the same time, but it is 
better for the beginner to pour them separately. The plaster to 
be used for this purpose should be mixed with great care so that it 
will be free from air bubbles or lumps. This is best accomplished 
by slowly sifting the plaster into the water following which the 




FlO. 68. — A poured impreaaion with an ample allowaoce of plaster to form a suitable 



mixing bowl should be slightly jarred, and the excess water poured 
off. With a small bristle brush, the plaster is first carried into the 
cusps of the teeth, the impression being held in the hand and being 
slightly jarred during the process. Larger amounts of plaster are 
then added until the whole impression is filled. When this point is 
reached, the balance of the plaster is poured from the bowl onto a 
glass slab and suitably manipulated so that it will form an ample 
base for the model. The poured impre'ssion is then inverted and 
placed on top of this base, an effort being made to establish the 
occlusal portion of the impressi<tn upon an approximately parallel 
plane with the glass slab (Fig. (iS). 

SeparatuiK the Impressions from the Models.— Before attempting 
to separate the impressions from the models, the plaster should be 
allowed to thoroughly crystallize for several hours, preferably over 
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night. With a proper knife, the impression is then shaved down 
over its occlusal portion until the color effect produced by the 
shellac varnish is visible. When this point is reached, small grooves 
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are cut both vertically and horizontally over the buccal portion of the 
impression as well as over the lingual and palatal portions, the depth 
of these grooves being sufficient to show the shellac coloring (Fig. 
69). As these grooves form squares, they can then be pried off one 
at a time, great care being exercised not to insert the plaster knife 
too deeply and thereby mar the model or cut into or break off any 
of the teeth. After the buccal and lingual portions have been 
removed, the palatal portion of the upper may be taken out in a 
large piece providing it does not come in contact with any of the 
teeth. The trimming of the bases of the models is the next order of 
procedure. As this is the same, regardless of the impression material 
used, this phase of model work will not be discussed at this time but 
will follow the consideration of the other impression material 
mentioned, namely, modelling compound. 

The Use of Modellings Compound.— Plaster of Paris has been so 
generally and so universally used by the orthodontist as an impres- 
sion material that the mere suggestion by anyone that it might be 
partially or wholly replaced by another material which will 
satisfactorily fulfil its function and perhaps have some advantages 
which might make it preferable to the other, to many will sound 
thoroughly illogical. J^ven the writer will not dispute the fact that 
with plaster of Paris perfect impressions can be obtained which will 
form the basis for the production of accurate and beautiful models. 
This being the case, the question naturally arises, why should any 
other material be considered as a substitute? 

In considering this question let me first call your attention to the 
fact that the successful orthodontist of today is handling patients 
whose average age is far younger than it was a decade ago. For this 
reason it is im' ortant that we employ methods which are adapted 
to these younger patients, and as the matter of obtaining impres- 
sions is usually one of the first acts of treatment it should if possible 
be robbed of any unpleasant features. 

That plaster of Paris is not a pleasant material to use in the mouth 
must be admitted by all. If anyone will take the trouble to take 
double impressions of several children's mouths using plaster of 
Paris for one and modelling compound for the other and then ask 
each child which was the least unpleasant, he will find that modelling 
compound will receive the vast majority of votes. This fact alone 
is sufficient to make the orthodontist consider carefully the more 
frequent use of this material, providing, of course, it is possible for 
him to obtain impressions with it which will produce accurate, 
beautiful models. 
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dish capable of holding a quart of water serves as an easy means of 
immersing the compound. It should be placed in the water with 
its temperature about 120° F. This should be gradually raised 
either by means of an electric heater or simply by slowly adding 
hotter water until the temperature has been brought up to between 
130° and 140° F. During the process of its heating the material 
should be kneaded between the Angers so that it may become 
uniformly softened. All of this requires but a very few minutes and 
can be carried out by the assistant. When ready to be placed in 
tray, the operator selects the proper amount for the upper tray, 
adapts it in and to the tray and after a final immersion in the water 
places it in position in the mouth. 




Taking the Impression.— When the tray with its contents has been 
brought to its proper position it should be held firmly in place. It 
may then be chilled by cold blasts of compressed air or by the use 
of cold water. Regardless of which method is employed, it is very 
important that it become well chilled before it is removed from the 
mouth. 

After the preceding steps have been carried out, a very accurate 
impression will be produced of the upper arch, with the exception of 
the labial portion lying between— and usually including— the canine 
teeth. Upon its removal this inaccurate portion of the impression 
is cut away to the point where the impression is good, a sharp line 
of demarcation being made. See Fig. 71. ■ The impression is then 
placed back in the mouth and made to occupy' its natural position. 
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While being held firmly with one of the fingers of the left hand pressed 
against the vault of the tray, a small portion of compound is adapted 



Fia. 71. — The upper impreasion 
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against the anterior portion of the arch, the lip being lifted for this 
purpose. This done, the lip is allowed to come down in contact 
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with the material and should be gently pressed against it. This 
added portion of the impression is then thoroughly chilled and 
removed separately Fig. 72. This is easily accomplished if the 
anterior portion of the impression has been properly cut back. 

The larger portion of the impression is then removed from the 
mouth and the two sections fitted together. When their proper 
relationship has been established, the modelling compound should 
be fused at several points with a hot instrument so that the union 
may be permanent (Fig. 73). 

The same procedure is carried out in taking the impression of the 
lower arch. This is usually accomplished with less difficulty than 
is experienced in taking the upper, and for this reason the temptation 
often arises to take the impression all at one time rather than to resort 




Fia. 73. — The upper impression complete and assembled. 



to the sectional method. This will almost invariably bring about 
inaccurate results which will be chiefly characterized by distorted 
impressions of the anterior teeth. 

Trays of ample size should always be used for both the upper and 
lower so that the sides of the impressions will have sufficient body to 
allow for properly trimmed model bases {Pigs. 74 and 75). 

While impressions of the majority of cases may be obtained with 
the trays so far described, there is always a possibility of cases in 
which a degree of deformity exists which will require that the 
impression be taken in more than two sections. Such cases may still 
be taken in modelling compound by using a "Supplee tray" and 
making each impression in three or more sections, or if needs be in 
these rare cases, plaster of Paris may be resorted to. 
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The writer has alrea^Jy mentioned the element of time in using 
thin material. The ac^^tual time spent in taking eompomid impres- 
ftiims using this technic, probably exceeds that which is necessary 
when plaster of Paris is ased, but even so, the matter of time is not 
a serious consideration as this technic may be carried out to the verj' 
letter and satisfactory impressions obtained of both the upper and 
lower arches with the total amount of time spent not exceeding 
fifteen minutes. 

In preparing such impressions for pouring, they should first be 
thoroughly dried out either by compressed air or by allow^ing them 
to stand a sufficient length of time, so that all surface dampness is 
removed, and then they should be given a light coat of very thin 
sandarac varnish. This varnishing is not done with the idea of 
acting as a separating medium but simply as a means of insuring a 
better finish to the model surface. After the varnish has become 
thoroughly hardened, the model is poured in the usual way, care 
being taken to avoid the formation of air bubbles. 

After the plaster has become crystallized, the impression may be 
separated from the model. This process should be carried out vriih 
due care and accuracy, if satisfactory results are to be obtained. 
The poured impression is immersed in hot water, the temperature of 
which should be 1 20° F. There should be no guess work in this matter, 
hut an accurate thermometer should he utilized. The temperature of 
the water in the dish should then be gradually raised until it has 
been brought u]) to 130° F. After the impression has been immersed 
at this temperature for three minutes the impression material may 
be readily and easily removed. 

It is a great mistake for the assistant to attempt to carry out the 
separation process without the aid of a thermometer as invariably 
she is apt to get the water either too hot or too cold, or, what is 
just as im])rudent, to heat it up too rapidly. Where the impression 
is not properly heated all the way through, teeth will be broken off 
when it is removed, and on the other hand, if it is too highly heated 
it is apt to melt upon the model resulting in the discoloration of the 
plaster. 

In conclusion the writer recommends modelling compound as an 
impression material for the orthodontist: 

1. Because it is less objec^tionable to our little patients than is 
plaster of Paris. 

2. Because it renders the process of model construction less irk- 
some to the assistant. 
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3. Because if properly handled it can be made to satisfactorily 
fulfil all the requirements of an impression material. 

The method, undoubtedly, will not appeal to some, but it should 
not be condemned until it has been given a fair trial, and such a 
trial entails its use under proper conditions, utiHzing a technic in 
keeping with an exact procedure, 

Finishmg and Trimming the Models. Models should be uniformly 
trimmed in a manner that will give them an attractive and harmo- 




nious appearance. For purposes of description, we will call the por- 
tion included in the impression, the anatomical portion and the 
base or added part, the art portion. By maintaining a more or less 
constant ratio of size and proportion between these two parts, models 
are given an attractive appearance not possible otherwise. 

In a finished set of models, the bottom of the base of the lower 
and the top of the upper base should be parallel as shown in Fig. 74. 
In thickness each base in its thinnest part {opposite the lateral 
incisors) should be about one-third the thickness of the anatomical 
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portion. The sides of the base should be cut parallel to the Une of 
occlusion as indicate{l by the first molars and canine teeth and their 
surface should be at right angles to the base. These sides should 
not be cut close enough to <lestroy or encroach upon the alveolar 
outlines. In fn>nt at a ]H)int above the canines, an angle is formed 
in the upper and the base cut from each side to a point which would 
be represented by an extension of the median line, while in the 
lower a curve is described between these two points. The posterior 
side of each model is cut off so that its surface is perpendicular to 
thp surface of the base and wherever possible, the surface of the 




upper and the lower models should be in the same plane when the 
models are occluded. The distal corners of the base are tlien cut 
off, their surfaces being made perpendicular to the surface of the 
base. 

Figs. 74 and 75 show in a graphic manner the proportions giving 
the most pleasing effect.^ In the process of trimming, the lower should 
be trimmed first. In doing this, the gross excess should be cut away 
first by the use of a lai^e plaster knife or other cutting device. A 
medium sized photographic print trimmer' with a modified blade 

1 The proportions suggested are in essentials similar to those used by Dr. Martin 
Dewey, Practical Orthodontia, fourth edition. 
' Suggested liy Dr. H. A. Pullen. 
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admirably serves this purpose (the blade should be given a long 
bevel). The bottom of the base is first cut parallel to the occlusal 
plane as indicated by the first molar and canine (Fig. 76). An 
ordinary pair of dividers can be used to advantage in marking out 
the points to be cut to. When the lower is roughed in, the upper 
should be trimmed in a similar manner. When this point is reached, 
the model should be occluded and the dividers used so that the 
relative height of the upper base may be determined. When this 
base has been trimmed to its approximate proportions, the final 
trimming process should then be started. The lower is first finished, 
the final trimming being done with a medium sized sharp-edged 
knife which at all times should be kept sharp and clean. Dividers 
or other accurate measuring instruments should be utilized and the 
eye not depended upon to judge heights or angles. With the lower 
complete, the upper is carried through the same process, the models 
being occluded frequently for observation. 




Small cavities in the surface of the models resulting from air 
bubbles introduced in the pouring process should be filled with thin 
creamy plaster, using a fine camel's hair brush for the purpose. 
When this is done, care and skill should be exercised so that the 
adjacent surface will not be smeared or marred with additional 
plaster. Broken cusps of teeth may be repaired in the same manner. 

When completed, the models should be compared with the mouth 
so that no mistakes maj' occur as to the proper occlusion and if 
necessarj- they should be marked in such a way so that they may 
always be occluded in a manner to represent the condition present 
in the mouth . Models should then be properly labeled and indexed 
for ready reference. 

Fhotographa of Patients. — In addition to accurate models depicting 
the degree of deformity present prior to treatment, it is sometimes 
expedient to also obtain photographs of patients particularly in 
cases where a marked degree of facial deformity results from mal- 
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occlusion. If such photographs are made, a profile view as well as a 
front view should be taken and if the work is done by a photographer. 






Fro. 78.— Front view of patient made before and after treatment. 



he should be warned against retouching the plates or otherwise 
handling the case in a manner to hide or to soften the disfiguring 
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effects of the malocclusion. An effort should be made to obtain 
photographs showing the ordinary facial expression worn by the 
patient, in other words, an effort should be made in the photograph 
to show up all defects. Photographers are so accustomed to hiding 
people's defects that unless this point is brought to their mind, the 
results are not likely to be satisfactory. 

At the culmination of treatment, additional photographs may be 
made for comparison, the two sets comprising an exhibit of interest 
and value (Figs. 77 and 78). 



CHAPTER XII. 

INDICATIONS FOR THE USE OF THE Z-RAY IN 

ORTHODONTIA. 

As the orthodontist is concerned with the growth of the dental 
arches during a period when the development and eruption of the 
teeth play so important a part, and as this process is frequently 
subject to abnormalities, it is obvious that he should find in the 
a:-ray an auxiliary of great value. In fact the character of the problem 
confronting him demands its freqnent use. 

During the past few years manufacturers have so simplified .r-ray 
apparatus that it can now be installed without difficulty in the 
average office where it may be used easily and frequently without all 
the preliminary preparation which formerly characterized such pro- 
cedures. The advantage to the orthodontist of having such equip- 
ment at hand is manifest for with it he is able to utilize the o'-ray 
whenever the necessity for its use arises without subjecting patients 
or himself to the inconvenience incident to referring them to a 
roentgenologist; and what is even more important with it conven- 
iently at hand, it will he vsed ichenever indicated instead of its use being 
limited to cases of dire necessity. 

It is only logical therefore to assume that the student or practi- 
tioner who is to undertake orthodontic procedures will include as an 
essential part of his preparation, the basic principles of roentgeno- 
graphy. This includes a knowledge of the nature of the a:-ray, the 
electro-physics of its production, the intelligent handling and opera- 
tion of a:-ray apparatus, the technic of roentgenography, the develop- 
ment of plates and films and the interpretation of roentgenograms; 
and last but by no means least, a knowledge of the dangers arising 
through the misuse of this very potent form of energy. It will in no 
wise be the object of this text to treat in any manner the above 
enumerated principles, for it is taken for granted that the student 
has elsewhere received instructions in this important branch of dental 
practice. In discussing the subject, the writer will limit himself to a 
few practical phases of the work first briefly outlining the more 
common indications for its use in orthodontic practice. 

Determining the Presence or Absence of Unerupted Permanent 
Teeth.— During the days when orthodontic treatment was for the 
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most part carried on in the mouths of children where the majority 
of the permanent teeth had erupted, the demand for x-ray examina- 
tions was rather infrequent. However, at the present time, an 
entirely different problem confronts us for most of our patients are 
young children in whose mouths at least half of the permanent teeth 
are unerupted. It therefore behooves us to determine whether or 
not the deciduous teeth present are to be followed b^' successors 
so that all the units of the future occlusion may be known before 
treatment is started. Therefore an .r-ray examination should be 
included as a regular routine part of the procedures which are 
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FlO. 79. — RoentgenograiT] sho 



rupled teeth in l>oth the upper and lowi 



essential to the beginning of treatment. In the majority of cases 
this may be accomplished by making an extra-oral roentgenogram of 
each side as illustrated in Fig. 79 for usually the permanent incisors 
and the first permanent molars will have erupted. Such roentgeno- 
grams may be made to accurately show the presence or absence of the 
permanent cuspids and the bicuspids as well as the developing 
second and third molars. If the permanent incisors have not yet 
put in their appearance, intra-oral roentgenograms may be made of 
this region which in conjunction with the others constitute a very 
comprehensive roentgenographic survey for orthodontic purposes, 
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As a Ouide In the Extraction of Doeidoous Taeth. —When deciduous 
teeth fail to show signs of being shed at the time when this process is 
reasonably to be expected, they should be subjected to roentgeno- 
graphic examination so that any danger of interference with their 
erupting successors may be averted if necessary by extraction. 
Where such extractions are deemed necessary, the roentgenogram 
will settle any doubt as to whether the deciduous tooth or teeth may 
be removed without disturbing the developing teeth adjacent to its 
roots. If deciduous cuspids or molars are under observation, the 
roentgenogram may be made advantageously by the eXtra-oral 
method thereby sa\ing the patient the unpleasant sensation of 
having the film placed in the mouth. Furthermore, the method 
referred to makes possible the obtaining of more extensive roentgeno- 
grams which not infrequently increases their usefulness. 
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Fio. 80. — Canine teeth which have been deflected from their normal course and are 
causing root absorptJona of adjacent teeth. 

la Cases Wliere Permanent Teeth are Delayed in Eruption.— When 

developing permanent teeth fail to erupt at a time when their 
eruption may reasonably be expected, roentgenograms should be 
made to determine if possible the cause for the delay. The mere 
fact that roentgenograms may have been made previously does not 
lessen the responsibility of the orthodontist for sometimes conditions 
in the developing arches may change within a few months and con- 
ditions arise which may prove a menace to the future occlusion as a 
whole. In Fig. 80 such instances are ^hown, Other cages less 
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serious in character may arise where permanent teeth remain un- 
empted after the loss of their deciduous predecessors {Fig. 81). 
Where the development of such teeth indicates the probability of 
delayed eruption, steps should be taken to prevent the adjacent 
teeth from encroaching upon the space to be occupied later by the 
unerupted teeth. 




Fig. 81. — Instances showinR the delayed cniplion of the 



As a Guide in MakinK Attachments to tJnerapted Teeth.— As it 
sometimes becomes necessary to secure attachments' to teeth Ijing 
beneath the gingival tissues, roentgenograms should be made in such 
instances to show as accurately as possible the position of the tooth 
in question so that the soft tissue will be subjected to the minimum 
amount of injurj' during the operation. After the attachment has 
been secured, other roentgenograms may be made if necessary to 
determine the direction in which force should be applied to accomplish 
the desired tooth movement. Intra-oral roentgenograms will usually 
prove the most advantageous in such instances as the teeth most 
frequently needing this method of movement are the incisors and 
cuspids, the latter predominating (Fig. 82). 

As a Ouide in Some Cases of Root Movement. —Where it becomes 
necessary to mo\e incisors bodily and where the cuspids are un- 
erupted it is a wise precaution to determine by roentgenographie 
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mean.i the relatioruhip of the iinerupted teeth to the roots of the 
lateral ind^m, for not infrequently the unenipted teeth may lie in 







Flu. 8S.-~UDoruptod canine teeUi m close coutaot with the roots of lateral inciso 
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such a relationship to the roots of the teeth to be moved, that inter- 
ference will be offered and possible damage result through forced 
contact incident to tooth movement (Fig. 83). In those instances 
where the cuspids have failed to erupt at the time when their 
appearance is normally to be expected, the suspicion of the ortho- 
dontist should be aroused as these teeth sometimes become deflected 
from their normaJ course and in an effort to erupt come in contact 
with the roots of adjacent teeth with disastrous results. In Fig. 80 
this point has been emphasized. 




Fio. 84. — Unerupted [ower second and third molars. (Aged sixteen years.) 

To Observe the Development of the Third Molars.— The fact that 
the pressure exerted by developing lower third molars is often 
sufficient to cause a crowding of the lower incisors and cuspids is 
well known. The maleffect of these teeth is frequently apparent 
in mouths which, prior to their influence, have been entirely free 
from malocclusion. It is therefore advantageous to the patient's 
welfare to take note of the development of these teeth early enough, 
so that if they show evidence of being the cause of the trouble, they 
may be removed before any damage has been done. Roentgeno- 
grams should be made soon after the second permanent molars have 
completed their eruption so that the tendencies in development of 
the third molars may be known. These should be followed by 
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additional roentgenograms made at least once a year until it can be 
definitely decided whether it will be safe to leave the teeth or resort 
to their surgical reino\al (Fig. S4), 

The Observation of Non-vital Teeth Prior to and Darinc Tooth 
Movement. —If it becomes necessary to move non-vital teeth or 
utilii^e them as anchorage, it is essential to the patient's welfare and 
comfort to know that such teeth and their investing tissues are in a 
healthy condition. All the information possible relating to their 
condition should be determined both by roentgenographic means and 
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otherwise prior to instituting orthodontic treatment (Fig, 85) , Also 
after such teeth have been subjected to stress or pressure, additional 
roentgenograms should be made to be sure that their state of health 
has remained constant. 

To Differentiate Between Anomalous and Normal Teeth.— In the 
e\'eiit of duplicate teeth or supernumeraries which greatly resemble 
one of the a<ljacent teeth, a roentgenogram will frequently aid in 
deciding which tooth should be extracted. While perhaps in the 
majority of instances this may be decided without resorting to the 
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use of the or-ray, there are nevertheless cases (where such teeth have 
not fully erupted) where its aid is invaluable (Fig. 86). 

AdTfintareous Methods of Technic— Reference has already been 
made to the character of roentgenograms indicated in orthodontic 
practice, namely, in some instances those made by the extra-oral 
method have been recommended white in others the intra-oral plan 
has been suggested. Owing to the fact that orthodontic patients 
are usually young children and as a roentgenographic examination is 
usually one of the preliminary procedures of treatment, it is import- 
ant that it be carried out in a manner which will in no wise ]jrove 
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painful or unpleasant With this idea in mind, the author has found 
it advantageous to use the extra-oral methodquite universally. 

It will be recalled that in this method, large plates (or films) are 
used and the areas desired are placed in as close contact as possible 
with the plate by having the patient rest the side of the face against 
it. The j-rays are then passed through the structures from the 
opposite side of the skull in such a manner as to cause the shadows of 
the desired structures to be imposed upon the plate. This method 
entails much less discomfort to the patient than the intra-oral 
method (In which small films are held in the mouth opposite the 
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areas desired) and greatly reduces the number of exposures necessary 
as one exposure of each side will usually suffice unless the structures 
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Fia. 89.— Table and head support adapted to the dental chair 
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near the median line are under examination. For this reason the 
writer feels that when it is possible to obtain the necessary informa- 
tion by the extra-oral technic, it should be done. The wisdom of 
this course should be apparent to anyone who has had the experience 
of having intra-oral films placed lingually to the mandibular teeth 
where the tissues are so sentitive or has had them placed back in the 
molar region against the palate where they so frequently produce 
gagging. However, this statement should in no wise be construed 
as a protest against the use of intra-oral films for it is often necessary 
to utilize them in spite of the afore-mentioned disadvantages. 

One of the secrets of obtaining good extra-oral roentgenograms 
is to be found in the manner in which a patient is seated and the 
head supported for the exposure. As it is very essential that the face 
shall occupy a definite relationship against the plate and that the 
o'-ray tube and accessory apparatus shall be properly and accurately 
arranged for the exposure, some stable means must be provided 
to support the patient's head and otherwise insure a sufficiently 
comfortable seating position so that no movement will take place 
during the exposure period. After utilizing various methods, the 
author developed the table and head-rest support shown in Figs. 
87 and 88, which proved more satisfactory than anything previously 
employed. After using the afore-mentioned plan for some time, 
a more simplified piece of apparatus although identical in principle 
was constructed so that it could be placed upon the arms of the 
dental chair when needed thereby making possible the making of all 
roentgenograms without the necessity of removing the patient from 
the chair. This piece of apparatus is shown in Figs. 89 and 90. 

In naming the more common instances where the .r-ray is essential 
in orthodontic practice, the writer does not claim that its use should 
be restricted to these limitations, or in recommending a preference 
in technic, he does not mean to infer that equally satisfactory results 
cannot be obtained by following other methods. The conviction is 
felt however that the interests of patients will be best served if the 
orthodontist maintains his own a*-ray laboratory so that this valuable 
and necessary auxiliary may be utilized whenever indicated. • 



CHAPTER XIII. 

TISSUE CHANGES INCIDENT TO THE MOVEMENT 

OF TEETH. 

Every student of orthodontia realizes that under certain condi- 
tions malposed teeth singly or collectively may be moved into 
correct positions, and that arrestments of development in the arches 
may be overcome and marked changes in arch form and arch relation 
produced. That these changes can be and are produced as the result 
of the stimuli imparted to the tissues from orthodontic appliances is 
a demonstrated fact. However, to appreciate more thoroughly 
the requirements of treatment and the character of appliances best 
adapted to accomplish the desired results (as well as other important 
factors connected with tooth movement), it is highly important that 
the student should become familiar with the vital processes going on 
in the tissues during such procedures. 

It is a lamentable fact that teeth are constantly being moved by 
those who have but a vague knowledge of the processes involved 
within the tissues, their ideas and aims being wholly mechanical and 
empirical in nature. If it were not for the fact that the structures 
involv^ed are capable of standing considerable abuse, more damaging 
results would be brought to light than are demonstrable at the 
present time. The apparent capacity of these structures to with- 
stand abuse is, however, no justification for their continued mis- 
treatment. There is always a possibility that such physiological 
trespasses will produce untoward effects and while these effects 
may not be apparent during the period of treatment, they may 
prove disastrous in later years. 

It behooves the student of orthodontia to gather as much informa- 
tion as possible concerning this phase of the subject. Not only is it 
intensely interesting but it has a practical application second to 
no other which he may be called upon to consider. Those unwilling 
to do this have no moral right to attempt orthodontic operations. 

In years gone by there were a good many accepted explanations 
of the changes occurring incident to tooth movement, none however, 
being based upon anatomical or histological research, but upon theo- 
retical considerations and ingenious deductions. The first real light 
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upon the subject came as the result of carefully planned experiments 
and researches by Dr. Albin Oppenheim of Vienna. This investiga- 
tor conducted a series of experiments upon baboons which, after 
having their teeth and arches subjected to pressure from orthodontic 
appliances for definite periods, were killed and histological sections 
prepared of the structured involved. The results of these experi- 
ments have quite revolutionized former theories and have given us 
definite information. Valuable information has also come as the 
result of the work of Sir William Macewen of Glasgow through his 
researches relative to bone growth. 

Old Theories.— It has been supposed heretofore that when force 
was applied to teeth from an orthodontic appliance, two principal 
changes occurred; first, a bending of the alveolar processes support- 
ing the teeth under pressure, and second, absorption of the bone 
in advance of the moving tooth and deposition of new bone behind 
it. Coincident with these alleged changes in the bone, pronounced 
changes were supposed to occur in the peridental membrane, to wit, 
compression of the fibers on the side of the alveoli toward which 
pressure was exerted, with the stretching of the fibers on the opposite 
side. As a result of this pressure, the osteoclasts were supposed to 
be stimulated and to increase in number and action and immediately 
engage in the absorption of the bone which resisted the movement 
of the teeth, as well as the bony attachments of the fibers of the 
peridental membrane on tension. While these changes were taking 
place it was believed that the osteoblasts became active and began 
the deposition of bone behind the moving tooth, at the same time, 
re-attaching the fibers of the peridental membrane, this process being 
judged as much slower than the process of absorption. It was thus 
supposed that tooth movement was accomplished. That this simple 
and rather ingenious explanation was far from accurate will be 
realized by considering the true factors involved in tooth movement. 

In considering the various changes occurring in the structures 
with which we are concerned during orthodontic treatment, no 
attempt will be made to review the histological character of these 
tissues, for this aspect of the subject belongs to the sphere of histo- 
logy and embryology. It is assumed that these subjects have been 
previously covered and therefore only generalities will be dealt with. 

The cell is the unit of all life. All tissues are made up of cells and 
intercellular substance, and manifestations and changes in tissues 
occur as the result of the chemical activity of the substance within 
the cell— the governing power. The vital character of the tissue 
then, is determined by the cell, while its physical character is 
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determined by the intercellular substance. As the intercellular 
substance is devoid of vital characteristics, it is dependent upon the 
vegetative function of the cell for its formation and maintenance, 
and there is a constant reaction going on between these two elements. 

One of the most impressive characteristics of living tissues is to 
be found in their ability to respond to their environment in such a 
manner as to become better adapted to it, and nowhere is this better 
exemplified than in the connective tissues with which we are con- 
cerned in the movement of teeth. These adaptations or changes 
are the result of the activity of the cells governing the tissues and the 
reaction between them and the intercellular substance, and involves 
an increased or decreased amount of these elements, or a change in 
their character. 

In taking into account the physical and vital characteristics of the 
connective tissue with which we must concern ourselves chiefly, 
namely bone, we must not lose sight of the fact that even though it 
is a calcified substance it has the same power of adaptability as the 
other non-calcified connective tissues. This is specifically shown in 
the progress of growth and development where the osseous struc- 
tures change and modify in harmony with the stresses put upon 
them during the growth and function of their related structures. 
It is said that the experienced anatomist can accurately determine 
by examining a skeleton the state of muscular development possessed 
during life by the individual represented, from the manner in which 
the bones responded through adaptation to their environment. 
Bone then, while generally considered as a hard and rigid substance 
is to some extent a plastic tissue, capable of modification and change 
in response to the conditions to which it is subjected, such changes 
being effected by the reaction of its cells and intercellular substance. 

Of the two varieties of bone, both contain similar structural 
elements, although differing somewhat in the manner of their 
arrangement, and upon this difference they are classified as 
Haversian system or compact bone, and cancellous or spongy bone. 

Compact Bone.— In compact bone the layers or lamellae are ar- 
ranged in a concentric manner around canals (Haversian canals) 
containing bloodvessels, nerves, and embryonic connective tissue, 
from which, by means of the canaliculi, the cells in the lacunae are 
nourished. These canals are more or less parallel with the surface 
of the bone and anastomose with each other. Compact bone, 
(also called Haversian system bone), makes up the greater part of 
the shafts of the long bones and the plates of the flat bones and 
varies in thickness in proportion to the strength required of it in 
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function. When sufficient thickness has been formed to comply 
with the needs put upon it, the deeper parts are cut out by absorp- 
tion in the Haversian canals, converting them into large irregular 
spaces. Thvs the formation of a feu) layers around these spaces 
transforms this type of bone into cancellous or spongy bone. 

Cancellous or Spongy Bone.— In cancellous or spongy bone, the 
arrangement of the lamellse differs markedly from compact bone. 
In the former, they are arranged in delicate plates surrounding large, 
irregular nutrient or marrow spaces. These nutrient spaces are 
filled with embryonal connective tissue, and like the other variety 
of bone, contain bloodvessels and nerves. The lamellse or plates of 
such bone are arranged in such a manner as to give the greatest 
stability to the compact bone which it supports; therefore their 
arrangement varies according to the stresses to which the compact 
bone is subjected. 

Character of the Bone in the Maxilla Mandible.— These structures 
are composed of a combination of both types of bone. Their outer 
surfaces are formed by a layer of compact bone which varies in 
thickness according to the stress sustained by the part. This outer 
surface of compact bone is known as the cortical plate. The inner 
portion is made up of cancellous or spongy bone arranged in thin 
lamellse placed about large medullary spaces, which are filled with 
embryonal connective tissue, bloodvessels and nerves. 

The Alveolar Process.— The alveolar portion of these bones, with 
which we are especially interested, anatomically consists of an outer 
and inner layer of compact bone with a mass of cancellous bone 
between the two. Much the same arrangement occurs in this 
portion as is present in the main body of the bone, the only difference 
being a special adaptation of the parts to accommodate and support 
the teeth. Like the bones in general, the alveolar process varies in 
thickness and strength in its different portions, the strongest parts 
being developed in those regions subjected to the greatest stress. 
The alveoli or tooth sockets are made up of a thin layer of compact 
bone which is pierced by many fine openings, from which charac- 
teristic they are often called the cribiform plates. This thin plate 
of sieve-like bone is fused at the alveolar border with the cortical 
plates and serves as the means of attachment of the intra-alveolar 
fibers of the peridental membrane. 

While their manner of functioning is not entirely understood, 
we know that bone gi*owth or bone change is brought about by the 
specific action of certain specialized cells within it, viz.: the osteo- 
blasts or bone-building cells, and the osteoclasts or bone destroying 
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cells. As an adaptive tissue, bone is never allowed to become more 
bulky than is necessary to function (except under pathological 
stimulus), so there is always present, especially during the growing 
period, a certain mount of oscillation between these two factors. 
In other words, there is alternation between bone building, bone 
destruction and bone rebuilding, these processes maintaining 
equilibrium according to the needs of function. 

An illustration of this process is to be observed during the period 
when the deciduous teeth are being shed and replaced by their 
permanent successors, where supporting alveolar bone is absorbed 
and again rebuilt in accordance with the needs of the permanent 
teeth. Thus when the need arises these cells assume their embryonal 
type and initiate those processes which result in absorption and 
deposition of new bone. In his experiments. Mace wen demon- 
strated "that as soon as liberated from their confinement through 
stimuli, injury or operation, they revert to their vegetative functions 
and have the power of direct and vigorous proliferation, also that 
such cells surround themselves with a calcareous zone which they 
control under the agency of the trophic nerves. As long as the cells 
remain embryonic, they retain this power of proliferation, but when 
they reach maturity they again assume the fixed tissue type although 
.their potentiality still remains.''^ 

Therefore under favorable conditions of age, stimuli, and function, 
these cells will again assume their embryonal type and revert to 
their vegetative activities, thereby initiating reactive processes 
within the bone, adaptive in character, which result in marked bone 
changes. That this is the explanation of tooth movements in 
orthodontic treatment is amply proven by the notable experiments 
of Oppenheim. This will be apparent to the student in the brief 
review of these experiments which will follow. 

Oppenheim 's Experimental Evidence.— Oppenheim 's experiments 
were carried on with the aim in view of settling some very important 
questions pertaining to tissue changes during orthodontic treatment, 
the investigator's attention being specifically directed to determining 
the character of changes occurring in the bone and peridental mem- 
brane and the effect upon the structures of the teeth. 

Several young baboons were used for the experiments and the 
various tooth movements were performed on the still firmly im- 
planted deciduous teeth. These movements consisted of labial and 
lingual movements, depression, elongation and rotation— in other 

* Macewen, William: The Growth of Bone. 



158 TISSUE CHANGES INCIDENT TO MOVEMENT OF TEETH 

words, the majority of the movements usually employed in ortho- 
dontic treatment. Half of the arch only was used for experimental 
purposes, ths other half being left intact to be used for comparison. 

In each instance, after applying pressure of different degrees of 
intensity over a definite period, the animal was killed and histo- 
logical preparations were made of the parts subjected to pressure 
as well as of the parts used as control, viz.: the tissues in their 
undisturbed state. The results of these experiments are most 
striking and conclusive as demonstrating the character of changes 
brought about through the stimuli of pressure from appliances, and 
as indicating the character of pressure best suited to favorably 
affect the tissues. 

Before going into further detail of the experiments, the student^s 
attention is called to some of the conclusions reached by Oppenheim^ 
namely, ''that bone tissue, be it compact or cancellated, reacts to 
pressure by a transformation of its entire architecture; this takes 
place by resorption of the bone present and deposition of new bony 
tissue; both processes occur simultaneously. Deposition finally 
preponderates over resorption. The newly formed bony spicules 
are arranged in the direction of the pressure. Increased pull has 
similar addition of new bony tissue as a result, and simultaneous 

orientation of the spicules thereof in the direction of the pull 

" The entire transformation of the architecture and the orientation 
of the newly formed spongy bone spicules, always occur so charac- 
teristically and lawfully, that we can say by the histological prepara- 
tions in what manner the movements were accomplished. This 
characteristic transformation results only upon the application of 
very slight, physiological-like influences. 

''Should the force be too strong, the result will be such serious 
injuries to the periosteum, due to the disturbances in circulation, 
that there will be no typical reaction of the bony cells. The newly 
formed bony parts may and must originate from any convenient 
connective tissue that is accidentally placed in any position in the 
direction of which . . . the pressure or pull is exerted/'^ 

The reader^s attention is first called to a section through a normal 
tooth so that he may become more thoroughly impressed with the 
changes occurring under orthodontic pressure (Fig. 91). "In its 
entire extent, from the alveolar border to the apex of the root, the 
labial wall consists of a simple layer of compact bone which shows 
clearly its lamellated structure, the lamellae being arranged in the 

1 Tissue Changes, Particularly Those of Bone, Incident to Tooth Movement, 
American Ortho., No. 2, vol. iii; No. 3, vol. iii. 
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longitudinal direction of the tooth. The masses of spongy bone on 
the lingual side of the tooth, especially those lying nearest the root, 
are also arranged in the longitudinal direction of the tooth. As we 
are concerned in this specimen with growing bone, we find the 
individual bone spicules in some places surrounded by osteoblasts, 
in the vicinity of which are also to be seen osteoclasts, indicating 
resorption. The fibers of the peridental membrane, especially the 




Fiu. 91. — Section through a normal tooth. On the left (labia! side): a. dentin' 
6, cementum; g, peridental membrane; Ik, compact bono of lamellatcd BtrucUir 
ob, oateoblaatfl; Ic, dental ligament: ^i apongy bone on the lingual side; ok, ost«i 
clasta. (Oppcnheim.) 



so-called suspensory fibers, show their characteristic course, from 
the root obliquely upward to the bone. It is important that we keep 
these characteristic peculiarities of the normal preparation in mind 
so that we may better comprehend the changes demonstrated in the 
other specimens." 

Of the various tooth movements carried out in Oppenheim's 
experiments only enough will be included in this text to indicate the 
trend of his conclusion. 
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Labial Movement.— In testing the changes occurring in labial 
movement under proper orthodontic pressure, Oppenheim dis- 
tinguishes two surfaces on the labial wall, one toward the tooth, 
the inner surface, and one away from the tooth, the outer surface. 
In Fig. 92 are shown the changes occurring after gentle pressure 
for forty days. It will be noted that there is a perfect architectural 
reconstruction of the alveolar wall, in which the whole extent of its 
occlusal two-thirds consists entirely of spongy bone spicules with 
their orientation vertical to the long axis of the tooth. The original 
lamellar arrangement of the compact bone has disappeared and has 
been replaced by spongy bone. In explanation of the fact that these 
changes have occurred only in the occlusal two-thirds of the speci- 
men, it must l)e stated that the appliances used by Oppenheim 
were those producing a tipping movement of the tooth rather than 
its bodily movement. For this reason, the upper two-thirds has 
received the stimuli of pressure while the lower one-third is less 
affected. Without doubt had appliances been vsed which necessitated 
bodily movement, these characteristic changes would have been the same 
throughout the entire length of the root. 

Further analysis of this experiment (Fig. 92) demonstrates that 
young bone, scarcely calcified, is especially rich in cells, being 
densely set with osteoblasts both on the side toward the tooth as 
well as on the side away from it. The osteoclasts are visible only 
singly, the processes of deposition under the influence of long 
pressure having gained a decided advantage over those of resorption. 

The fibers of the peridental membrane take their characteristic 
direction and are unchanged, although the membrane is compressed 
throughout the entire length of the root, being about one-third its 
normal thickness. Its cellular elements are increased in number, 
although in other respects it appears unaltered. 

No changes have occurred in the structure of the root although 
some absorption lacuna? are visible in the cementum, due no doubt 
to the influence of the developing permanent tooth (the tooth under 
pressure being deciduous) . 

Labial Movement Under Intense Pressure.— The reader's attention 
is again called to the fact that the changes demonstrated in this 
specimen were brought about under gentle orthodontic pressure. His 
attention is therefore called to Fig. 93 where the same character of 
movement was performed (for a slightly shorter period) except that 
very intense force was used. The results are quite significant for 
they show^ that the structures have not reacted in the same manner 
as indicated in the preceding experiment. "The labial side is 




Flo. 92. — Lalual mdnement (.labial sidcl At 06 near the alveolar border, the 
compact bone has disapptarod and is replaced by spongy bone, with orientation 
of the apiculea vertiealti to the long aiia of the tooth Between G and ok, tranaitional 
lone. a, dentine, b. cementum, g, peridental membrane; G, bloodvesselB; Ik, 
compact bone of lamellatedatructure: oi:. osteoclasts; ^,' newly fonned bony spicules 
beaet with OBteoblasts (ob) ; k. remains of compact bone tJiat has lost the lamellated 
structure. (Oppenheim.) 
11 
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Fm. 91).— Jjibiai movpmpnl (labial »ide) applicj 
compftpl liiHiy plate (A-) throuRhout somofthal atleauated; no arrhitectural recon- 
stru^'tiim; all vcss^'la of the peridental memltraDe (6) filled up with homogCDeoua 
ma^<3cs (thromlioais?). a dentine b cementum g. peridental membraiie: ob, 
osteoblasts iD sporadic laj ere (Oppenheira ) 
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entirely unaltered excepting an attenuation comprising the whole 
labial wall; the osteoclasts on the side facing the tooth (as was 
demonstrated in all the other preparations, due to the influences 
of pressure) appear very sporadic. There is also an entire absence 
of any sign of bone formation on the surface away from the tooth." 
The tooth structure is unaltered as in the case of the previous 
experiment, but there was evidence of serious disturbances in the 
circulation especially on the labial side (the side of pressure), the 
vessels of the peridental membrane being filled up with homogeneous 
masses." In fact the characteristic changes demonstrated as always 
occurring under the stimuli of gentle pressure, are absent, which 
led Oppenheim to the hypothesis **that there is some relation 
between the absence of new bone formation and the alteration of the 
bloodvessels, i, e,, the vitality of the periosteum is so far reduced 
that it is in no condition to respond to stimuli and build new bone. 
These conditions are, according to my belief the result of trauma, 
caused by too fast and intense movement of the tooth." 

Changes on the Lingual Side in Labial Movement.— Referring again 
to the first experiment, we see registered upon the lingual alveolar 
wall just as complete a change as took place upon the labial side 
(Fig. 94) . It is interesting to note that the stimuli of pressure was 
transmitted to this area through the fibers of the peridental mem- 
brane. The architecture of the bone has experienced total recon- 
struction and shows a decided deviation from that characteristic 
in the normal preparations. The original massive spongy bone 
spicules which, previous to the stimuli of pressure were arranged 
in the longitudinal direction of the tooth, now appear as narrow, 
long bone spicules arranged in the direction of the pull, i, e., they 
are arranged vertically to the long axis of the tooth. The evidence 
of this transformation is especially apparent opposite the gingival 
half of the root, the area affected apparently corresponding to that 
on the labial side. Osteoblasts are to be observed at the ends of 
the bone spicules directed toward the tooth. These spicules show 
uncalcified zones which Oppenheim interpreted as indicating growth 
in the length and breadth of the spicules. On the ends of the 
spicules directed away from the tooth, are to be seen numerous 
osteoclasts and the phenomena of resorption is demonstrated. 

In general the tissue changes occurring on the lingual alveolar 
wall are similar to those already described as occurring on the 
labial wall. In fact under proper stimuli of pressure, these same 
characteristic changes were demonstrated by Oppenheim to occur 
in all the various movements. 
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CbUfM Occtuiinf in Unpul Bforement. — In Fig. 95 are shown the 
changes occurring on the lingual side of the tooth in lingual move- 




Via. 1)4. — Irfibial movemeni 1 ngual s de) The boo, sp cul a in the third near 
the alvoolar border present long ap ules w th or enta on ert oally to the long 
axis of the tuoth (ib'). dcDncly beset with oateoblosta {obj. a. dentioe: b, cementuin: 
0, peridental membrane: Ic, dental ligament; A:, old bone; oi:, oateoclaata. (Oppen- 



ment after forty days' application of force. Of the original bone 
structure nothing can be observed, and a complete architectm-al 
reconstruction has occurred. "The individual newly formed bone 
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spicules, particularly those of the gingival third, have arranged 
themselves in the direction of the force, i. e., perpendicular to the 
long axis of the tooth. The ends of the spicules toward the tooth, 
i. e., the ends subjected directly to the pressure show broad uncalci- 
fied zones which are surrounded by densely arranged rows of osteo- 
blasts indicating a most acti\e bone formation At the ends of the 
spicules directed from the tooth ^e find occa&ionall\ numerous 
osteoclasts These changes ippear dissical when compired «ith 
tile normal preparation 




Fia. 95. — Lingual mo m 
spicuicE ik'J arrauK^d iii h d 
(cG) and densely arreng ti row 
peridGntol nipmbrQne; □ e- 

b,.ne (k). (Op,H.nlici.ii.) 



Changes on the Lab al S de m Lingual Movement. —The changes 
occurring upon the lab al wal un ie the nfluence of this same 
movement show ju a a t hange Fig, Ofi). "The 

compact bone lamella.' in the region of the alveolar margin is oon- 
siderablj' thickened by the new formed spongy bone, formed under 
the influence of pull; its spicules assumed in many places a per- 
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pendiciilar direction to the long axis of the tooth i. e., in the direction 
of the pull." It should be borne in mind that iu all the movements 
thus far described and the characteristic changes which accompany 




Fio. 96.— Lingual 
compact Iwne; k.' 
dental membrane: 



them, the appliances transmitting the stimuli to the tissues were 
those producing a tipping movement. For that reason the most 
pronounced changes have occurred in tlie region corresponding to the 
upper third or the upper half of the tooth. 
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Cbanges Produced by Elongation.— In producing the movement of 

elongation, very pronounced changes similar to those already de- 
scribed were produced, these changes being particularly manifest at 
the bottom of the alveolte and at the alveolar border. The explana- 
tion of the more pronounced transformation of the bone in these 
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regions is explained b\ the fact that these areas were particularly 
subject to the stimuli imparted to them through the pull of the 
fibers of the peridental membrane due to the character of the 
attachment in these specific locatnns 

We see then in the specimen an elongation of the spong> bone 
spicules in the direction of the pull (tigs 97 98 and 99) with the 
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other characteristic change'! alread\ described The peridental 
membrane shows no essential changes on the labial or lingual sides, 
shows no definite e\idente of hemorrhages and no thrombi are 

present The onK change shown in thi structure is a distinct 




Flo 98 — Elongat on apei of the root (, q the d rec on of the pull orientated 
lona bone spicules at the r tope look ng t«uard the apex enclosed by strong layers 
of otteobloata (ob) a root apex ol osteocl'Uts Oppenheitn ) 
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thickening which is especially apparent in the lower half of the root. 
Ah in the other specimens, the tooth structure is unatfected. 
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Changes Occuning with Depression.— In the movement of depres- 
sion, the characteristic changes noted in the other movements are 
not demonstrated to the same degree. In explanation of this fact, 
Oppenheim offers the explanation, to wit, " For these relative slight 
reactions to the bone, we can possibly hold responsible the serious 
tramnatie changes of the peridental membrane and the consequent 
lowering of the reactive capacity of the bone." In explanation of 
this statement, it must be remembered that in the depression 
movement the tooth which is more or less peg-shaped has been 
forced occlusally which would have the effect of compressing between 
its sides and tlie bony wall of the alveolus, the structures, of the 
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peridental membrane with perhaps the exception of those comprising 
the ligamentum circulare. "The fibers of the ligamentum circulare, 
firmly fixed on to the cementum of the shortened tooth, as well as 
on to the neighboring one have sunk with the shortened tooth and 




FiQ. 100. — Depression (frontal section) ; on the left, the depressed toolh. Alveolar 
septum (a) displaced toward the UDinoved tooth; Ic, dental ligaments follows the 
movement of the depressed tooth; g, peridental membrane; a. by hcmorxbages and 
ruptures of tbe fibers pathologically changed peridental membrane; h, germ of the 
permanent tooth; c, gum papilla. (Oppcnheini.) 

show an oblique direction upward toward the cementum of the 
unmoved tooth (Fig. 100). 

" While we have repeatedly emphasized the tremendous power of 
resistance of these fibers, we cannot claim this of the other, the more 
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deeply placed parts of the peridental membrane, the suspei^?ory 
fibers of the tooth. We find occasionally such changes as prevent 
us from distinguishing the structure and course of the fibers. The 
fibers, which are severed partly from the cementum and partly 
from the bone, lie in disorder, and are often visible in a transverse 
section. The resistance of these fibers being once destroyed or they 
being partly torn or partly resorbed, the entire elastic resistance 
which prevents the tooth from shortening, rests then with the 
ligamentum circulare only; the vessels of the peridental membrane 
do not find sufficient protection from compression by the advancing 
root; thus are explained the serious hemorrhages in the entire 
peridental membrane and especially at the apex of the root. The 
vessels entering the dental pulp must similarly be injured; at any 
rate, this histological condition often finds its verification in the 
clinical picture, in which very often sensitivity and looseness of 
the teeth result from these also slowly conducted tooth movements. 
These serious changes could be demonstrated notwithstanding the 
most careful and most cautious application of force. The fact that 
even in this movement, though endangering the vitality of the pulp, 
comparative!}^ few devitalizations can be demonstrated (such cases 
have been recorded), is explained by the abundant supply of blood- 
vessels in the periosteum and numerous collaterals; but I cannot 
testif}^ to this statement. 

"The cellular elements have as a whole somewhat increased; 
near the root apex there are individual resorption recesses which 
extend into the dentine. Owing to the intimate relation through 
the ligamentum circulare it is quite plain that we find changes in the 
adjacent tooth, though only slight, which are indicated by a co- 
shortening or inclination of the tooth." 

To summarize then, some of the more important facts connected 
with our subject, we may state: 

That bone while generally considered a hard and rigid substance, 
is in reality a plastic tissue capable of modification and change in 
response to the conditions to which it is subjected, such changes 
being affected by the reaction of its cells and intercellular substance. 

That as an adaptive tissue, bone is never allowed to become more 
bulky than is necessary for function, so there is always present, 
especially during the growing period, a certain amount of oscillation 
between bone building, bone destruction and bone rebuilding, these 
processes maintaining equilibrium according to the needs of function. 

That as soon as liberated from their confinement through stimuli, 
injury or operation, the bone corpuscles revert to their vegetative 
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funjtions and have the power of direction and vigorous proliferation, 
surrounding themselves with a calcareous zone which they control 
under the agency of the trophic nerves. And that, under favorable 
conditions of age, stimuli and function, these cells may be made to 
assume their embryonal type and revert to their vegetative activities, 
thereby initiating reactive processes within the bone, adaptive in 
character, which result in marked bone changes. 

" That bone tissue be it compact or cancellated reacts to pressure 
by a transformation of its entire architecture, . . . the newly 
formed bony spicules being arranged in the direction of the pressure, 
this characteristic transformation resulting only upon the applica- 
tion of ver}^ slight ph3'siological-like influences . . . the newly 
formed bon}^ parts must originate from any convenient connective 
tissue that is accidentally placed in any position in the direction of 
which the pressure or pull is exerted.'' 

That the peridental membrane although showing some changes in 
its structural elements, is not injured by properly conducted tooth 
movements nor is tooth structure altered. 

That the movement of depression subjects the tissues to the 
greatest danger and therefore if attempted should be carried out 
with extreme caution. 

That only upon the application of the mildest forces are the 
desired changes brought about, intense pressure having the effect 
of retarding rather than increasing the necessary tissue reaction. 

In view of the fact that bone reacts so definitely to the stimuli of 
properly applied pressure, it is incumbent upon the orthodontist 
to consider carefully any contemplated movement, so that pressure, 
when applied, will bring about only those reactions w^hich will be 
utilized for bone growth and development in the right direction. 
This necessitates a careful consideration of the character of the 
mechanism which is to be the source of pressure, for the action of 
such a mechanism, if it fulfils such a purpose, must be under definite 
control at all times. 

Failure to properly observe this precaution must produce reactions 
which are not only injurious to the progress of treatment, but may 
lead to eventual failure, for tissues subjected to repeated unphysio- 
logical reactions may become so reduced in vitality that their 
potentiality is retarded or lacking entirely in responsiveness Tis- 
sues so injured require a long period of rest before regaining the 
normal physiological state, when they will again be susceptible to 
advantageous reaction. The character of the pressure stimuli best 
adapted to bring about the desired changes, should be constant and 
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gentle, this fact being fully proven not only by the experimental 
evidence of Oppenheim but also amply verified by clinical experience. 
Haste on the part of the operator to complete certain changes may 
not only prove a retarding influence, but may also result in partial 
or complete failure. We should therefore bear ever in mind that 
we do not reach the goal of our aims by rapid movements or the 
application of intense pressure and that by the employment of such 
means we will but thwart our good intentions. 

Among the observations of Macewen relative to bone formation 
is to be found the following which is particularly applicable; "Any 
agent or condition which, while increasing and prolonging the 
proliferating power of the osteoblasts, does not lower their vitality 
will tend to increase bone formation." 

The factor of age is an important consideration in tooth move- 
ment as emphasized by Macewen who states, "the younger the 
animal, the greater is the proliferating power of the bone cell, and 
the longer will it continue to proliferate before it assumes its mature 
form; consequently, the greater is the ossific production. The pro- 
liferating power of the osseous tissue of old animals is greatly 
reduced compared with those of animals in the evolutionary period, 
and the osteoblasts which are poured out from them pass quickly 

into their mature form The bone forming power of 

animals of the same species varies. Not only are there marked 
individual differences, but there may be marked variation in the 
proliferating power in the same individual in the same year. For 
instance, the bone forming capacity is not equal during the whole 
adolescent period. In some mouths the osseous growth is extremely 
active compared with others; and during the former the proliferating 
latter it is relatively feeble.'' 

Such a statement not only lends emphasis to the necessity for 
orthodontic treatment during early childhood, but also explains 
the fact that there is a marked difference in the manner in which 
the mouths of different children react to the influence of pressure 
stimuli. Failure on the part of the teeth to respond by movement, 
to pressure, is frequently interpreted by some operators as an indica- 
tion for greater pressure; but such a conclusion is wrong and in such 
instances increased pressure should not be resorted to, but the 
influence of proper pressure should simply be prolonged. 

In considering tissue changes incident to tooth movement, we 
must not lose sight of the fact that changes of equal importance 
occur subsequent to these processes. With the restoration of 
occlusal function further modifications must and do occur in the 
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correlated structures, as a result of the changed mechanical condi- 
tions to which they are subjected. These modifications will continue 
to progress, providing the conditions which brought them about 
persist until all the structures are harmonized by function with 
the various stresses to which they are subjected. 

In considering tissue changes resulting from orthodontic treat- 
ment, the student should not interpret individual tooth movements 
as constituting the limits to which the bone and other structures 
may be made to undergo modifications. Such an inference might 
possibly be drawn from the description of Oppenheim's experiments. 
The teeth should be considered important functional units whose 
malposition prior to treatment are simply an indication of mal- 
formation of their osseous supporting structures. In orthodontic 
treatment they are utilized to transmit the necessary stimuli not 
only to the tissues directl}^ adjacent to them, but also to their deeper 
supporting structures and thereby produce such alterations of form, 
size and position that the teeth, arches and jaws will be in harmony 
with the other related parts. 



CHAPTER XIV. 

APPLIANCES FOR THE CORRECTION OF 

MALOCCLUSION. 

Every student of orthodontia realizes that under certain con- 
ditions, malposed teeth ma}^ be moved into their correct positions 
and arrestments of development in the arches may be overcome 
and marked changes in arch form and relationship brought about. 
That these developmental changes can be and are produced as the 
result of "pressure stimuli imparted to the tissues from orthodontic 
appliances is a matter of common knowledge. In order that the 
operation of such appliances may be better understood, it will first 
be necessary to consider some of the requirements essential to them 
if they fulfil their function to the highest, degree. 

Essential Requirements of Orthodontic Appliances.— In the field of 
dental mechanics, there is no class of appliances more deserving of 
careful consideration. The mere fact that their utility is dependent 
upon their ability when properly operated to bring about vital 
processes should impress this fact upon the student's mind. In 
judging their mechanical features, the fact of their vital influence 
should be kept uppermost in mind, for, in spite of the fact that some 
appliances widely advertised and frequently used are mechanically 
perfect when viewed from that standpoint only, this more important 
feature ma}^ be lacking to a degree which renders them unsafe for 
use. 

Character of Force Application.— We have alread}- learned from the 
preceding chapter the character of reactions produced by applied 
pressure, and among other things that these reactions should not 
be brought about indiscriminately but only where they will prove 
advantageous to the growth and development of deficient structures. 
As malposed teeth are made to change their positions hy the appHca- 
tion of gentle pressure, it is essential that such pressure shall he applied 
only in the direction of their 7iormal positions, the character of the 
pressure being constant, and uniform in application. Furthermore 
such pressure or force should operate within known limits and he 
under control at all times and should be applied in a manner and 
through a medium which will not prove detrimental to the health 
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of the teeth or the soft tissues and will interfere to the smallest possible 
degree with the physiological requirements of the teeth and mouth in 
their varied functions. 

Like any other science orthodontia has passed through an evolu- 
tionary period in which numerous methods and types of appliances 
have been introduced, have had their day, and have been discarded 
because they could not measure up to the demands put upon them, 
or because something better was developed. Out of this period of 
experiment and empiricism have arisen certain principles which if 
properly applied make possible results not dreamed of in the past. 

One of the most important periods of advancement came with the 
recognition of the fact that orthodontic treatment is not a mechanical 
problem but one of development. With this came the realization that 
the mechanical phases of treatment must be carried out in a manner 
to promote the growth and development of deficient structures to 
the end that normal function will be established and maintained, A 
review of some of the earlier literature on the subject will reveal the 
emphasis given to "making the teeth straight,'' ''lining up the upper 
front teeth,'' and other evidences of a lack of recognition of the 
essential requisite of treatment, the establishment of normal 
occlusion, and the consequent functioning of the teeth and their 
related structures. 

Orthodontia Appliances Defined.— Fortunately for the human race, 
this may be brought about in a vast number of cases by the aid of 
mechanical appliances providing they are used with due regard to 
physiological laws. Properly defined then, an orthodontic appliance 
is a mechanism for the application of pressure stimuli to malposed 
teeth, to bring about the necessary reactive processes within the bone 
which allow tooth movement in the direction desired and the growth 
and development in the arches essential to support the teeth in normal 
occlusion. 

Control of Force.— Regardless of the type of appliance employed, 
the matter of force control should be kept ever in mind. Realizing 
the sensitiveness of the structures to the stimulation of pressure, 
we should make a consistent effort to avoid unnecessary reactions 
whenever possible and in order to do this our forces must be known, 
kept under control at all times and applied only where reactions will 
prove advantageous to the growth and development of abnormal struc- 
tures. 

Stability of Attachment.— From a mechanical standpoint there are 
certain essentials which appliances must possess if they prove 
efficient and of these, stability of attachment is one of the most import- 
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ant. Any mechanism placed on the teeth or aboutf the teeth which 
is easily dislodged either by the patient's interference or due to 
stresses put upon it during mastication is contraindicated for unless 
the mechanism is stably attached, its uniform operation and action 
cannot be depended upon. 

Stren£:th and Delicacy.— The materials entering into its composi- 
tion should be of such a nature that danger of breakage will be re- 
duced to a minimum. The alloys of gold and platinum, gold- 
platinum and palladium and irrideo-platinum are best adapted for 
this purpose as appliances made from them may be used in delicate 
proportions and still retain the necessary amount of strength. 

Cleanliness.— Appliances should be so constructed that they will 
not prove injurious to the soft tissues of the mouth or detrimental 
to the teeth and with this end in view, their design should be such 
as to make possible the adequate cleansing by the patient of both the 
appliances and the teeth. In order that this may be realized, they 
should be made as delicate and simple as is consistent with efficiency. 

Inconspicuousness.— Wherever possible the factor of inconspicu- 
ousness should be considered. Owing to the long duration of 
orthodontic operations, if due regard is given to this factor, patients 
will not mind wearing the appliances whereas, if they are unduly 
conspicuous, the long period of treatment becomes burdensome 
through the factor of appearance alone. Fortunately with our 
present day method of treatment, many cases may be handled 
without having the appliances visible to an objectionable degree. 

Types of Appliances.— Orthodontic appliances are of two general 
types and are designated as "fixed" and "removable" appliances. 
Fixed appliances are attached to the teeth in such a manner that 
their removal is only possible by the operator while removable 
appliances may be taken off by the patient. Both types are useful 
but for the period of active treatment, the majority of orthodontists 
prefer the fixed type as they feel that they can be made to more 
nearly fulfil the necessary requirements of such appliances as applied 
to the majority of cases. 

Fixed appliances are usually of two distinct types; first, those from 
which force is applied externally to the arches, i, e,, from the buccal 
or labial side of the teeth and second, those from which force is 
applied internally, or from the lingual aspect of the teeth. The 
former as a class are known as labial arch ^vires, and the latter as 
lingual arch wires. (See Figs. 108, 1()9, 110 and 113.) The object 
of both types is the establishment of a source from which force or 
pressure may be applied to bring about the desired changes. In 
12 
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the operation of either type, certain i)rinciples governing force and 
resistance must be utilized which will make possible the delivery of 
force to the parts desired without adversely affecting other parts or 
disturbing otherwise normal conditions. In view of the fact that 
"to everj' action, there is always an equal and contrary reaction," 
this force or pressure must emanate from a base which offers sufficient 
resistance to withstand the reaction of the applied force without 
displacement. The source of this support we term anchorage. 

Sources of Anchorage.— There are two j>ossible sources from which 
anchorage may be obtained for force application to malpoaed teeth, 
viz.: from outside the mouth or withm the mouth and these we 
designate as extra-oral and nifra-oral anchorage. Extra-oral 
anchorage while pro\ mg useful durmg the earlj days of orthodontia 




Fig. 101.— Extra-oml anchoraKe (After E. H. Angle,) 



is now considered obsolete and is mtercsting only from a historical 
standpoint. Some of the forms of head-gear used in the past are 
shown in Figs, 101 and 102. 

In intra-oral anchorage, the mechanism for tooth movement is 
attached to the teeth and the necessary sources of resistance are 
gained therefrom. Within certain limits, the appliances used for 
orthodontic treatment are similar in principle to various machines 
used outside the mouth and therefore are amenable to similar laws, 
although restricted by limitations not imposed where living tissues 
and physiological requirements need not be considered. This 
qualification will be appreciated more and more as we consider the 
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sources of resistance or the anchorage from which forces must 
emanate for our purposes and realize that the stability of anchorage 
cannot be made absolute, at least not to the degree which would be 
considered wholly efficient if tested by cold mechanical analysis, 
for frequently force must operate for tooth movement which 
emanates from a relatively unstable base. While as stated above, 
it is not possible to obtain from the teeth, sources of resistance which 
can be considered absolutely stable, yet we can by the application 
of principles governing force and resistance obtain anchorage which 
will sufficiently approach that state so that the requisite force or 
pressure may be delivered to the points desired and the necessary 
tooth movements accomplished. 




Eitra-oral'anchorage. (Att«r E. H. Angle.) 



Force and Resistance.— In the selection of anchorage, it is essential 
to compute definitely the magnitude, direction and points of applica- 
tion of the force to be delivered and as " action and reaction are equal 
and opposite" establish a basal anchorage furnishing a degree of 
resistance greater than that offered by the teeth to be moved. 

This principle while applicable to a large number of cases must be 
modified to meet conditions where teeth used as anchorage must 
themselves be moved which necessitates a more careful and analyti- 
cal consideration of the manner, application, direction, and control 
of the applied farces. Therefore, "anchorage consists in the selection 
ef adequate and properlp distributed resistance units for the control 
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and direction of force applied to the teeth for arch development or for 
lesser tooth movementsy^ ^ 

In the application of these principles several factors govern the 
manner in which they are to be used, such as the number and 
character of teeth to be moved, the extent of such movements, the 
character of movement desired, and the condition of dentition. 
Different degrees of resistance are obtained by the selection of 
"anchor teeth" whose larger size or more favorable location furnish 
resistance greater than that offered by the teeth to be moved; or 
by the selection of groups of teeth, the aggregate of which supply 
the necessary basal anchorage; or by the manner of attachment to 
such teeth which may be effected in a way to give them the maximum 
of stability; or by the reaction of forces reciprocally between teeth 
or groups of teeth so that they may receive the force equally or 
unequally according to the needs of treatment. 

The Selection of Anchor Teeth.— In the attachment of any ortho- 
dontic mechanism to the teeth for the delivery of force, it becomes 
necessary to select certain teeth to serve as the primary medium of 
attachment and these are termed "the anchor teeth.'' The decision 
as to which teeth will most adequately serve the purpose depends 
largely upon the character of changes contemplated in treatment and 
the nature of the mechanism which is to be used. Also upon the 
state of dentition, i. e.y whether the deciduous teeth only are present, 
or whether part of or all of the permanent teeth have erupted. 

In the vast majority of cases applying for treatment, the first 
permanent molars have erupted and because of their size, firm 
attachment, and advantageous positions, they are usually utilized 
to the best advantage. In the younger cases, the second deciduous 
molars are usually selected as they possess the same advantages in 
relation to deciduous arches as do the first permanent molars to 
mixed or permanent arches. Of course, exceptions may arise in 
special cases where due to accident or disease, these teeth are absent 
and in such an event other teeth or groups of teeth must be sub- 
stituted. 

Simple Anchorage.— Where teeth of larger size or more favorable 
location are utilized to support the appliances, and furnish the 
resistance necessary to move malposed teeth, the principle known as 

^ Heibert A. Pullen: Text-book of Operative Dentistry, edited by C. N. Johnson. 

2 In discussing the subject of "Anchorage" different writers have submitted classi- 
fications which shows a divergence of opinion. The interested student may profita- 
bly read their discussion in the following texts: E. H. Angle, Malocclusion of the 
Teeth, seventh edition. Mai tin Dewey, Practical Orthodontia, fourth edition. 
Herbert A. Pullen, International Journal of Orthodontia and Oral Surgery, Vol. V, 
No, 10. Calvin S. Case, Dental Orthopedia. 
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simple anchorage is in eflFect. The attachment to the teeth is 
hinged or pivotal so that the resistance gained is not dependent 
upon this feature but upon the size and location of the anchor teeth. 
An illustration of this principle is shown in Fig. 103. Where adja- 
cent teeth are utilized to give added support to the anchor teeth, 
that is, to reinforce them against reactive stress, the anchorage 
obtained is designated as reinforced simple anchorage. 

Stationary Anchorage.— When the manner of attachment to the 
anchor teeth is effected under conditions giving absolute rigidity 
so that reactive forces must move them bodily if at all, we have 
what is termed stationary anchorage. This principle of anchorage 
differs mainly from the first-named in the form of attachment, for 
in the former the source of resistance is due to advantageous size 




Fig. 103. — Simple anchorage. Because of their larger size and favorable location, 
the molars furnish greater resistance than is offered by the malposed lateral incisor, 
hence it must move when force is applied to it. 

and location while in this form additional mechanical advantage is 
gained through rigidity, Fig. 104 illustrates the principle. Station- 
ary anchorage may be strengthened by including additional teeth 
for its support and where this is done we establish reinforced 
stationary anchorage. 

Reciprocal Anchorage.— Where it becomes necessary to apply 
force reciprocally between malposed teeth either singly or in groups 
so they may receive the force equally or unequally in definite pro- 
portions and be moved equally or unequally in accordance with the 
needs of treatment we must establish what is known as reciprocal 
anchorage. Of the principles thus far mentioned, this one is 
capable of the widest range of usage and due to the necessities of 
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treatment is used more frequently than any other. It may be said 
to consist of the selection of suitable resistance units so that opposed 
forces will move these units in the ratio desired. 

The method of attachment to the anchor teeth or resistance units 
may be of the same character as that utilized in simple anchorage, 
or the stationary principle may be used or the two may be combined. 




Fig. 104. — Stationary anchorage. Because of the rigid attachment to the anchor 
teeth, their resistance is greatly increased for if they move at all, they must of neces- 
sity move bodily through the bone as shown in the drawing. Because of this advan- 
tage the necessary resistance is amply supplied for the forward movement of the 
incisors. The threaded ends of the labial arch wire as well as the tubes on the 
anchor bands, a cross-section of which is shown, are of such a character that pivotal 
motion is impossible. 

In application, the forces from such anchorage may be applied to 
individual teeth, to groups of teeth, or to the arches as a whole. 
It may likewise be transmitted between the arches as intermaxillary 
force. Examples of this type of anchorage are shown in Figs. 105 
and 106. 




Fig. 105. — Reciprocal anchorage. 

Intermazillary Anchorage.— Where the teeth of one arch are used 
as the source of resistance to move the teeth of the opposite arch 
and the force transmitted to the media of attachment through the 
use of intermaxillary elastics the form of anchorage is known as 
intermaxillary anchorage. The use of this anchorage frequently 
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includes the reciprocal principle and the methods of attachment 
include both the simple and the stationary types, depending upon the 




Fia. 107. — Examples of intermaxIUaiy anchorage. 



degree of resistance and the character of tooth movement con- 
templated. Examples are shown in Fig. 107, A, B and C. 



CHAPTER XV. 
ELEMENTS OF MODERN APPLIANCES. 

Regardless of the type of aj)pliance used, its force production 
is dependent upon principles derived from one or more of such simple 
macliines as the lever, the spring, the inclined plane, the screw, the 
wheel and axle and in addition to these, the force derived from the 
elasticity of rubber, the stretching of wire and the contraction of 
moist silk. 

Arch Wires, Anchor Bands, Attachment Bands, Ligatures, Springs, 
Levers, Intermaxillary Elastics.— The principal elements of modern 
appliances are arch wires, either used labially or lingually to the teeth 
and attached to each arch by anchor bands cemented upon two of the 
teeth in such a manner as to give the necessary stability so that 
force applications may be made from it to the teeth to be moved. 
Such teeth may receive the force directly from the arch wire, or it 
may be transmitted to them by ligatvreSj spring or lever attachments 
or intervi axillary elastics, and they may be fitted with attachment 
bands^ or be unhanded depending upon the requirements of force 
control. These elemental requisites are used in different sizes and 
in different forms. Eigs. 108, 109 and 110 show some of the types 
in common usage. 

The materials entering into the composition of arch wires, bands 
and other metallic parts should be of the very best, the alloys of 
gold and platinum or gold, platinum and palladium or iridio- 
platinum serving the purpose far better than any of the base metals. 
In diameter, the arch wires should be as small as is compatible with 
force application and force control. This is an important considera- 
tion for it is possible to use arch wires of such delicate dimensions 
that force action at one point may mean force reaction at another 
point, a situation to be avoided if possible. Originally they were 
made in large diameters but with the adoption of precious metal 
alloys, it has been possible to obtain the necessary factor of strength 

1 Such bands have been designated by various names in Orthodontic literature, 
such as "plain bands," "bands and spurs," "fitted bands," etc. As their function 
is to supply a medium of attachment for force control, the writer feels that the 
term "attachment bands" more nearly describes them than those previously used. 
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in wire of relatively small diameter. For labial and lingual arches, 
wire 0.036 of an inch in diameter is deemed sufficiently heavy. ^ 




Fig. 108. — Different forms of labial arch wires. A, plain labial arch wire; B, 
threaded labial arch wire; C, threaded labial arch wire with adjusting nuts of special 
design (after E. H. Angle), also called "the expansion arch;" D, labial arch wire 
made of flat wire (as shown by cross-section) with threaded ends (after E. H. Angle) 
— this mechanism is known as "the ribbon arch;" E, sectional labial arch wire (after 
H. A. Pullen) known as "the divided arch." 



Anchor Bands,— Anchor bands may be of two different types, 
namely, the fitted anchor band and the clamy anchor hand (Figs. Ill 

* Wire of smaller diameter may frequently be used to advantage. 
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awl 1 12y. (M the mo, the fitted t>'pe seems to ha^-e the approval 
of tlie Ui^iymty of orthodontists and if properly eonstrueted, admir- 
ably fulfils the purpose. It consists of a metallic band aectiratdy 




Put. KK^.— Labial arch n-ire adjiLsted to the upper teeth, showing force applica- 
tJoriM U;iriK rna/lf; to rnalpo8^^J tf^:;th through the medium of ligatures. Some of the 
mtdiMfHi^i U'jiiU U) U; uKjwfA are shown with attachment bands which serve the 
Xnirxftnt; of controilinK the direction of applied force as well as serving as a means 
of prevfjntinK the dJHplacement of the ligatures. 

fitter] U) all sides of the anchor tooth, extending from just beneath 
the free margin of the gum to a point as far up occlusally on the 
tooth as is possible without interfering with the action of the oppo- 




Fkj. 110.— Lingual arch wire adjusted to the upper teeth, showing force applica- 
tiouM hewing made to malposcd teeth through the medium of "auxiliary spring attach- 
nidntH." In order to show the manner of action of the finger springs, the lingual 
arch wir(5 has been incorrectly drawn, being made to stand away from the teeth 
inHtoud of resting against them. 



sing teeth, the attachment between the band and the tooth being 
gained by the use of cement. The means of attaching the arch wire 
which usually consists of a tube placed horizontally or vertically is 
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soldered to the anchor band either on the buccal or lingual side 
depending upon whether a labial or lingual arch wire is to be used. 
Attachment Bands.— Attsichment bands or "plain bands" as they 
are frequently called are often necessary on teeth to be moved in 
order to control the direction of applied force. To such bands are 





Fig. 111. — The fitted anchor band. 

soldered spurs, tubings or other means of attachment depending 
upon the character of the mechanism being used for their movement 
Figs. 109, 117, 118 and 119. 

Labial Arch Wires .^—Lahisil arch wires may be of two varieties, 
namely, the plain arch wire and the threaded arch wire. The threaded 
arch wire is usually made 4 to 4^ inches in length with inches IJ 
each end cut with threads and fitted with an adjusting nut, the ad- 
justing nut making possible the easy lengthening or shortening of the 




Fig. 112. — The clamp anchor band. 

arch wire without its removal from the mouth. Such arch wires are 
usually made of round wire although this form is frequently modi- 
fied particularly in the threaded end portion where oval, half round, 
square or rectangular wire is used in conjunction with tubings of 
similar design on the anchor teeth where a rigid attachment is 

* The labial arch wire was introduced by Fauchard in 1746. Modifications ap- 
peared later by Schange (1841), Flagg (1865), Fairar (1876), Patrick (eaily 80*8), 
Angle (1887), and others. It has been designated by various names, such as the 
alignment band, the alignment wire, the labial bow, the expansion arch, etc. To 
Dr. E. H. Angle is due more credit than to any other man for its present state of 
eflSciency. 
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desired. As these appliances with their auxiliary attachments are 
obtainable from several reliable manufacturers in varied sizes and 
forms, it is unnecessary for the orthodontist to go to the trouble 
entailed in making them in the office (Fig. 108). 

Plain labial arch ivires are similar to those already described except 
that they lack the adjustable feature gained through the threaded 
ends and adjusting nut. They may be made in round wire through- 
out their entire length or the ends to be inserted into the attachment 
tubes on the anchor bands may be made of rectangular or oval wire 
depending upon the character of attachment desired. Such arch 
wires may be readily and easily made in the office if a supply of 
suitably drawn wire is kept on hand. Such wire in varied sizes and 
for As is obtainable from several well known manufacturers. 

Lingual Arch Wires.— Ling[xa\ arch wires may be of two varieties, 
designated as the removable lingual arch and the fixed lingual 
arch. The removable lingual arch or "Mershon lingual arch'' 
as it is called in honor of the man who developed it^ consists of a wire 
of suitable size adapted to the lingual surfaces of the teeth close to 
the gingiva and attached to the anchor teeth by means of a suitable 
lock (Fig. 110). The locking device allows its easy removal by the 
operator for adjustments but so far as the patient is concerned it is a 
fixed appliance. Force applications to malposed teeth are effected 
by either altering the shape of the lingual arch in such a manner 
that its altered shape will exert slight pressure upon the malposed 
teeth when put back into place, or by soldering to it fine auxiliary 
springs and utilizing their spring power against the teeth to be 
moved. These appliances are assembled by the orthodontist from 
suitable materials and may be fitted directly to the patient's mouth 
or made on models, the latter process being preferable. 

Thefi,xed lingual arch has no provision made for its removal as it is 
soldered to the anchor bands and these are cemented to the anchor 
teeth (Fig. 113). Force applications from it may not be made in as 
many ways as is possible with the removable arch although not- 
withstanding this fact, it is frequently very useful. It may be used 
as a means of stabilizing anchorage in conjunction with the labial 
arch, or force may be transmitted to the teeth from it by changing 
its length by the aid of wire^stretching pliers, or auxiliary springs 
may be used from it in a limited manner. In application, it is 
usually adapted to the lingual surfaces of the teeth close to the gin- 
giva and is securely soldered to anchor bands. Such appliances 
may be adjusted directly to the patient's mouth or constructed upon 
models. 

1 Dr. John' v. Mershon. 
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Springs y Levers, Ligatures, Intermaxillary Ehstics.— Certain 
auxiliary force-producing appliances are frequently used in con- 
junction with arch wires and of these the spring, the lever, the 
ligature, and the intermaxillary elastic have the widest range of 
usage. 

The auxiliary spring or "finger spring'' as it is sometimes called is 
made of small diameter wire (0.022 of an inch) of an alloy permitting 
a high degree of elasticity and is soldered to the arch wire at a point 
of advantage, its extension being made to apply pressure to the 
desired tooth or teeth. It is most frequently used in conjunction 
with the removable lingual arch wire although its value is by no 
means limited to this appliance. It should be. made only of precious 
metal alloy which has the capacity of retaining its elasticity alter 
being soldered to the arch wire. 




Fig. 113. — The fixed lingual arch. 

Ligatures of various kinds are used in conjunction with arch wires 
for transmitting force to teeth to be moved. These may be either 
of metal or of silk, the former being used purely as a medium of 
attachment for transmitting force from the arch, while the latter 
serves a similar purpose and in addition gives added force by virtue 
of shrinkage which occurs from its contact with the moisture of the 
mouth. 

The force derived from the elasticity of rubber is utilized for the 
application of force between the arches, small delicate rubber rings 
or bands being the form most conveniently applied. They con- 
stitute a very essential and highly useful part of the appliance in 
many cases, being used in conjunction with labial arch wires or 
labial and lingual arch wires used in combination. Figs. 107 and 
135 show instances of their manner of application. 

Construction of Anchor Bands.— These bands may be fitted directly 
to the anchor teeth if desired or they may be made on carefully 
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constructed models of the teeth. If the direct method is used, a 
strip of metal 0.17 of an inch in width and 0.005 of an inch in thickness 
is fitted about the tooth with the fingers first and then drawn tightly 
about it by using a pair of suitable band-forming pliers. After 
drawing it tightly about the tooth and bringing the edges of the 
material in contact, the formed band is removed from the mouth, 
cut free from the strip of material and the joint formed by the pliers 
soldered with high karat solder. The soldered joint may be either 
a butt or lap joint, the latter being preferable. The soldering pro- 
cess is quickly and easily accomplished, by holding the edges (to be 
joined) in the relationship desired with a pair of fine tweezers, and 
after fluxing, placing a small piece of solder on the joint and then 
applying a small sharp flame from an orthodontic blowpipe. It is 
important that the flame be small, pointed and possess sufficient 
heat to flow high karat solder. A blowpipe operated in conjunction 
with compressed air with adequate control features both for gas and 
air serves the needs of the orthodontist to the best advantage, the 
sharp pointed flame being essential to properly apply and control 
the heat so that it may not disturb other soldered joints or attach- 
ments. The band is then placed back upon the tooth and with the 
aid of a burnisher adapted to the irregular surfaces of the tooth. 
Where an excess of material is present in the occlusal portion, the 
corners may be slit with a suitable pair of scissors, the edges over- 
lapped and burnished down, the band may then be removed and 
these small seams soldered together. 

Such a band should extend from just beneath the free margin of 
the gum to a point occlusally well up on the sides of the tooth, being 
burnished into the buccal and lingual grooves and to a very slight 
degree over the mesial and distal surfaces in the sulci. Contouring 
pliers may be used to advantage to give the sides of the band the 
shape and contour essential to an accurate fit. Great care should 
be exercised in shaping and adapting the portion of the band which 
approximates or passes under the free margin of the gingiva for 
unless it closely hugs the tooth it may prove injurious to these 
tissues. The surfaces in contact with the tissues should be polished 
smooth, bevelled and trimmed wherever necessary to insure comfort 
and avoid the production of irritation or inflammation. As these 
bands are often subject to heavy stress incident to occlusion they 
should be made of an alloy having strength and rigidity so that 
danger of breakage or displacement will be reduced to a minimum. 

Instead of using strips of metal as described above, some operators 
prefer to use "s^aml^ss ferrules*' for th^ construction of anchor 
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bands. These are obtainable from the manufacturer in any desired 
metal or alloy in graded sizes, the gradation of size being suflBeiently 
fine so that a ferrule can be selected which with the aid of contouring 
pliers can be made to accurately fit the anchor tooth. After their 
initial fitting, bands constructed by this method are handled in the 
same manner as those constructed from strips of metal. Where 
the direct method of anchor band making is to be followed, these 
ferrules are a decided advantage both from the standpoint of time- 
saving and lessened discomfort to the patient as the first adaptation 
to the teeth may be carried out with less likelihood of pinching or 
otherwise unduly disturbing the soft tissues. 

Construction of Anchor Bands on Models.— As the making of 
anchor bands by the direct method often proves a tedious and 
uncomfortable process to the patient, the orthodontist may fre- 
quently wish to make them upon models. This may be done without 
loss of efficiency providing the different steps of technic are carried 
out with due regard for accuracy and attention to details. 

Working Impressions and Models.— Accurate impressions are made 
of the teeth to be banded or such impressions may include all the 
teeth of the arch in which the anchor teeth are located. The latter 
plan is preferable as the models made from them are valuable in the 
construction and adaptation of other appliance parts. Such 
impressions may be made with "modelling compound" if carefully 
handled after the manner described in a previous chapter. They 
need not be as extensive as those used for record models but should 
embrace the teeth and the alveolar process directly adjacent to 
them. 

These impressions may be poured with ordinary plaster of Paris 
but better and more unyielding models may be made by packing the 
impressions with one of the various forms of "artificial stone." 
After allowing this to become thoroughly hardened by letting it 
stand over night, the impression material is removed after heating 
it until it is soft and pliable by immersing it in hot water. 

Preparing the Teeth for Banding.— The teeth to be banded are then 
isolated from the other teeth on the model by the use of fine saws, 
two parallel cuts being made both to the mesial and the distal and 
the intervening material removed so that the anchor teeth are left 
intact but a space created on each side. With a sharp' pointed 
pencil, the junction of the gingiva with the tooth is marked so that 
this relationship may be kept in mind during the making and fitting 
of the band. Sharp chisels are then used and the portion of the 
model ^bout th^ tooth corresponding to th^ soft tissues and imm^- 
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diate alveolar bone is trimmed away allowing the full crown portion 
and part of the root portion to be exposed. 

Measuiing and Fittrng the Band.— The band material may then 
be adapted to the prepared tooth by drawing it tightly about the 
hard unyielding model (if it is of artificial stone) with a pair of band- 
forming pliers in the same manner as is done in the mouth in using 
the "direct method" or seamless ferrules may he utilized after the 
manner already described. IIowe\er, equally good if not better 
results will be obtained by accurately measuring the circumference 
of the tooth by encircling it at its greatest diameter with a fine 




touring plici 



ligature wire and twisting it uj> tight. This measuring wire Is then 
cut on the opposite side from the twist, is straightened out and 
used as a measure of length for the section of band material to be 
used for the band. In cutting the piece of band material, the edges 
to be soldered are not cut at right angles to the length of the material ' 
but an angle of approximately 16°, depending upon the amount of 
contour of the tooth. The edges are then soldered together, a lap 
joint being formed. 

Contourmg pliers are then used to shape the band to approximate 
form of the tooth crown and it is placetl upon the tooth model for 
trial fitting IS remo\ed and recontoured or modified until it accu- 
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rately fits the tooth model. In the fitting and contouring process, 
"Mershon pliers'' (Fig. 114) are of very great assistance, making 
possible both gross and minute adaptations in the construction of 
such bands as are shown in Fig. 115. 




A 




B 
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60 



Fig. 115. — The construction of anchor bands on a model. A, tooth to be supplied 
with a band; B, parallel cuts made to isolate the tooth; C, full crown portion and 
part of the root portion exposed — the dotted line indicates the gingival margin; 
D, the band fitted and in position; E, buccal attachment soldered to the band; F, 
lingual attachment soldered to the band. 

Soldering: Attachments to the Bands.— The necessary attachments 
for supporting the arch wire or for other purposes may then be 
soldered to the band. This may be quickly and easily accomplished 
by "the free hand method/' the band being held with one pair of 
tweezers and after fusing a piece of solder on its surface at the point 
where the attachment is to be made, the tubing or other medium of 
attachment is held with another pair of tweezers in contact with the 
band and in the desired position and the two parts brought into 
contact with the flame and soldered together. It is not always 
possible at first trial to solder the attachment at the most desirable 
angle or most advantageous position but this is not a serious objec- 
tion to the method as the parts may be quickly and easily un- 
soldered and resoldered until a satisfactory relationship is estab- 
lished. Studious practice will soon develop the operator's skill to 
the point of proficiency. 

Construction of Plain or Attachment Bands.— In order to control 
the direction of applied force to teeth to be moved, it frequently 
13 
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becomes necessary to band them. Such bands may be fitted directly 
to the teeth or to carefully prepared models, the former method 
being more frequently employed due to the fact that the teeth 
needing such bands are usually located in the anterior portion of the 
arches and are therefore easy of access. Strips of band material are 
used for this purpose, ranging in width from 0.14 to 0.17 of an inch in 
width and from 0.003 to 0.005 of an inch in thickness. Such band 
material is made preferably of iridio-platinum (5 per cent iridium) 
or gold platinum alloy (25 per cent platinum). 

In the construction of such bands, the band material is first 
adapted carefully about the tooth, holding it in place with the 
fingers, the free ends of the material extending either on the labial 
or lingual side of the tooth. It is then drawn tightly about it with 
a pair of band-forming pliers and while being so held is burnished 
closely to all surfaces. When an approximate fit is obtained, the 






Fig. 116. — The plain band fitted to an incisor. A, joint on the labial surface; B, 
joint on the lingual surface; C, front of band with lingual joint. 

pressure of the pliers is released and the formed band removed from 
the mouth and soldered. Such bands may be formed with the joint 
either on the labial or lingual surface depending upon the character 
of attachment to be carried and the joint may be of the butt or lap 
variety (Fig. 116). After being soldered, it is placed back upon the 
tooth, adapted to it carefully and crimped at any points necessary 
to insure a more accurate fit. It is then removed and the crimped 
or overlapped portions soldered, and any portion of the band 
encroaching upon or interfering with the soft tissues is trimmed off. 
The desired attachments may then be soldered to the band in the 
same manner as employed with anchor bands, any rough surfaces 
removed and the band properly polished. 

Media of Attachment.— In the attachment of arch wires to banded 
anchor teeth or in transmitting force to banded teeth which are to 
be moved, several media of attachment are available. In the 
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former, which we will first discuss, the attachment if it is to have the 
removable feature usually comprises some form of tube arranged 
in a manner to receive the ends of the arch wire or some special 
mechanism of attachment soldered to it. 

The Round Horizontal Tube.~The plain round horizontal tube is 
perhaps the type having the widest range of usage. It is used in 
conjunction with a round arch wire, its internal diameter allowing 
the easy insertion of the ends of the wire and yet fitting closely 
enough to prevent peripheral motion. In length it may vary some- 
what depending upon the use to which it is to be put and the pref- 
erence of the operator but 0.25 of an inch will usually prove ample. 
Such an attachment is usually empioye<I where an absolutely non- 
rigid attachment is not indicated or desired for it should be obvious 
that a hinge movement, at least bucco-lingually is established 




between the arch wire and the banded anchor tooth {Fig. 103), 
Where complete rigidity is essential, auxillarj' attachments may be 
made in conjunction with the tube and this condition established. 

The Special Horizontal Twie. —Horizontal tubes of special design 
may be used where absolute rigidity of the anchorage attachment 
is essential. These may be half-round, oval, square or rectangular 
in design and are used with arch wires whose ends are shaped 
accordingly and made to accurately fit into the tubes. The cross 
section in Fig. 104 shows the mechanics involved. 

Vertical Tubes.— Vihere the requirements of the appliance being 
used make impracticable the use of horizontal tubes, the vertical tube 
is used. This may be of the round variety if rigidity of the anchor 
tooth in all its relations is not desired. Even this may be accom- 
plisheil by adapting the arch wire directly against the anchor band 
both in front of and behind the vertical pin which is inserted into 
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the tube for the attachment of the arch wire. Where this form of 
attachment is not considered sufficiently rigi<I, half-round, oval, 
square or rectangular tubes may be utilized in conjunction with 
shafts of similar design constructed to accurately fit the tubes. 
Figs, no, 120, 121 and 122 show such attachments. 




Attachments for Force Control.— In transmitting force to teeth 
which are to be moved and which are banded to facilitate the 
control of the applied force, the media of attachment embody very 
similar principles to those already described in connection with 
anchor teeth. Small delicate tubes soldered to the bands either on 
the labial or lingual sides, and placed horizontally or vertically may 
often be used to advantage. These may be either of the plain round 




Fio. 119.— Plain bands carrying different media of attachment for labial arch 
wire. A, hook; B, open tube; C, vertical tube; D, bracket for flat arch wire. 
(Ribbon arch oC E. H. Angle.) 

type or be half-round, oval, square or rectangular, depending upon 
demands to be placed upon them. In addition to these other forms 
of attachment are frequently used such as open tubes, hooks, spurs 
staples, brackets and ligatures. Figs. 117, 118, 119, 130 and 131 
show, the manner in which some of these attachments are applied. 



CHAPTER XVI. 
THE OPERATION OF APPLIANCES. 

The manner in which appliances are used must depend primarily 
upon the character of change which is to be brought about in the 
mouth. These changes vary greatly in magnitude, from relatively 
simple movements involving one or more teeth to complex move- 
ments involving all of the teeth of one or both arches, as well as 
changes of relationship between the arches. 

In attempting to describe the mechanics involved, the author will 
approach the subject by first illustrating the use of arch wires and 
their auxiliary appliances in the correction of the more simple cases 
and from these proceed by degrees to those more complicated in 
nature in the hope that the principles underlying orthodontic force 
producing mechanisms may be made clear. 

Whether we are correcting simple malpositions, producing normal 
arch form or establishing normal arch relationship, or as frequently 
happens, attempting all three of these objectives at one time, it 
should be our aim to simulate as nearly as is possible through mechanical 
means the manner and direction of normal growth in the parts involved. 
It is' not amiss at this time to recall to the student's mind the fact 
that in the normal growth and development of the denture, changes 
occur which involve change in length, breadth and height, and there- 
fore the forces applied for the correction of malocclusion must be of 
a nature permitting such changes and in fact must frequently bring 
them about in a more or less positive manner. 

Tooth movement involving change of position may be brought 
about in two distinct ways, viz.: by "bodily movement*' and by 
"inclination*' or "tipping movement." In the former, the teeth 
brought under the influence of the appliances are changed through- 
out their entire length from their crowns to the apices of their roots 
in the degree necessary, while in the latter they are moved by 
inclining or tipping their crowns into the positions desired, in which 
instance their apical relations are changed in a lesser degree by the 
influence of the appliances. Both methods have their indications 
and their applicability depends upon the requirement imposed by 
the character of the maloccluMon, its degree of development and the 
age of the patient. 
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In addition to movements involving change of position, that is, 
mesial, distal, buccal or labial and lingual movements, malposed 
teeth singly or in groups must frequently be elevated, rotated and 
sometimes depressed, all of which requires the application of force 
under conditions which necessitate careful computation and skilful 
handling. All cases do not require all such movements but fre- 
quently the changes necessary are sufficiently diversified so that the 
problem confronting the orthodontist is extremely complex in 
character. 

As the chief object of treatment is the restoration of the teeth and 
arches to normal function , the simplest and most suitable means of 
accomplishing this end should be utilized. When this point has 
been reached, the developmental changes induced by appliances do 
not cease, for under favorable conditions of function the benefits become 
permanent and are augmented by continued growth and development. 
Therefore, in order that post-treatment benefits shall be received 
by the patient in the maximum degree, orthodontic treatment should 
be started and carried out if possible during the early years of childhood, 
as early in fact as malocclusion becomes manifest, or the degree of 
development in the arches indicate its inevitable occurrence later. 

Unfortunately the majority of cases are overlooked until the erup- 
tion of some of the permanent teeth into positions of malocclusion 
call the attention of the parents to the existence of a developing 
deformity. Even when this time is reached, treatment is frequently 
delayed in the hope that Nature will correct the trouble. Hence 
the orthodontist is all too frequently called upon to treat cases 
which have passed the age when they might be handled to the 
greatest advantage to the patient and must therefore make the best 
of conditions as he finds them . 

Preparation of the Mouth for Appliances.— Before starting treat- 
ment, the orthodontist should make a careful examination of the 
teeth with the idea of determining whether or not caries is present. 
If cavities are discovered or if calcareous deposits are present or if 
the gingiva shows evidence of any inflammatory symptoms the 
patient should be referred back to the family dentist for the cor- 
rection of these conditions before any appliances are placed upon 
the teeth. 

Where the above-mentioned conditions do not exist, the placing 
of appliances may be proceeded with, after thoroughly polishing the 
teeth, particularly those to be banded. This precaution should 
never be overlooked, for bands must frequently be worn for long 
periods and unless the tooth surfaces covered are thoroughly clean 
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before bands are cemented, caries may ensue beneath the bands. 
As a means of added precaution such teeth, especially the first 
permanent molars, should be painted with a 25 per cent solution of 
silver nitrate just prior to setting the bands. Some object to this 
on the ground that unsightly staining results, but the author has 
found that such stains are only temporary in character, so for the 
anchor teeth at least, this practice may be followed with confidence. 

In describing the use of appliances, the more simple corrections 
in which only a few teeth are moved will first be illustrated, following 
which, movements involving groups of teeth will be described, and 
finally, changes in arch form and relationship will be considered. 
An effort will be made to describe the tooth movements frequently 
encountered in practice without referring particularly to classifica- 
tion or diagnosis with the idea in mind that the mechanical ideas 
presented may later be applied singly or in combination in the 
treatment of classified cases. In a following chapter, the require- 
ments of treatment of such cases will be considered. 

(A.) The Labial Movement of One or More Incisors.— As a means of 
illustrating the use of arch wires, this relatively simple movement will 
first be described. Figs. 103 and 104 show the manner of adapting 
the appliances, the first permanent molars being utilized as the 
source of anchorage. The tubes soldered to the buccal surfaces 
of the anchor bands should be as near parallel as possible and placed 
horizontally in such a position that when the arch wire is inserted 
it will be on a level with the gingiva opposite the interproximal 
spaces. In adapting the arch wire, sharp bends are made in it just 
in front of the adjusting nuts so it may be made to lie close to the 
premolars and cuspids and pass in a similar manner across the region 
of the incisors. Adjusted in this way, it will not interfere with the 
soft tissues of the cheeks and lips or with the gingiva. When ready 
for final insertion, it should be so bent and shaped that the ends 
may be inserted into the buccal tubes without exerting any spring 
tension. In other words, it should be passive. In order to deter- 
mine this, one end of the arch may be inserted into one buccal 
tubing and the other end placed beside the tube which is to receive 
it (either above it or below it) and the degree of parallelism noted. 
Unless it lies parallel to the tube, it should be removed and rebent 
until it does. 

When such adjustments have been completed, the tooth to be 
moved is attached to the arch by means of a metal ligature passed 
about the tooth at the gingival margin, the free ends being twisted 
either above or below the arch wire, any excess cut off and the 
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twisted ends bent under the wire where they will give no discomfort 
to the patient. The adjusting nuts on the arch wire are then turned 
down with a suitable wrench until the patient feels a distinct pres- 
sure on the tooth being moved. Under these conditions we have 
pressure application from two sources, i, c, the direct pressure 
resulting from the screw, brought about by tightening the adjusting 
nuts and the spring of the arch wire which tends to bow out as the 
result of its increased length. 

By repeating these applications of pressure at intervals of every 
week or ten days, the desired movement will be accomplished. In 
the event the ligature has a tendency to slip off the tooth being 
moved, a band should be cemented to it carrying a lug or spur on 
its lingual surface placed well down toward the gingiva so that the 
ligature may be slipped under it and thereby made secure. 




Fig. 120. — Anchor bands on the lower first molars with half-round tubes to serve as 

means of attachment for a linp:ual arch wire. 



If an upper central or lateral which is interlocked with the lower 
teeth is being moved, the pressure adjustments should be more 
frequent during the period when the tooth is being moved over the 
bite as the action of the opposing teeth naturally offer added 
resistance. Otherwise the principles of application are the same 
whether an upper or lower incisor is being moved. 

The same character of tooth movement as described in the 
preceding paragraphs may be brought about by utilizing the 
removable lingual arch instead of the labial arch, in fact where the 
operator is endowed with the skill required to properly use this 
form of mechanism it will be found to be distinctly advantageous 
both from a mechanical and physiological standpoint. 
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In applying this mechanism, anchor bands are fitted to the first 
permanent molars (Fig. 120) or to the second deciduous molars if 
they are chosen as the anchor teeth and upon the lingual side of 
each band is soldered a half-round tube of delicate proportions 
(inside dimensions 0.064 x 0.032 inches, length, 0.08 of an inch). On 
the upper molar bands, these tubes should be placed approximately 
in the center of the band well up toward the gingiva where the lingual 
cusps of the lower molars will not offer interference. On the 




Fig. 121. — Locking device for attaching the lingual arch wire to the anchor bands. 

(Known as the Young-Angle lock.) 

lower bands, they should be similarly placed mesio-distally but 
should occupy a position well up occlusally so that the tongue will 
not render them inaccessible. The object of these half-round tubes 
is to serve as a means of attachment for the lingual arch through the 
insertion of vertically placed half-round shafts soldered near its 
extremities and locked in place by fine lock wires as shown in Figs. 
121 and 122. Such an appliance is made to the best advantage on 
cast stone models as outlined on page 191. Regardless of whether 
they are fitted directly to the mouth or fitted on stone models, the 




Fig. 122. — Mershon's modification of the Young-Angle lock. 

arch wire is bent to conform to the lingual surfaces of the teeth being 
in contact with all the teeth near the gingival margin. When in- 
serted it should lie passive against the teeth and the half-round 
shafts in the tubes should also be passive, the fine lock wires which 
prevent the shafts from coming out of the tubes being bent under 
the gingival end of the tube (Figs. 123 and 124). 

After the patient has become accustomed to the appliance, the 
application of force may be made to the tooth or teeth to be moved. 



2()2 fHB OPBkAflON OF APPLIANCES 

The lock wires are bent out and the arch wire released from the 
tubes and removed from the mouth after which a finger spring of 
fine wire, 0.022 of an inch in diameter, is soldered at a point of advan- 
tage on the arch, the attachmetit being made on the gingival aspect 
and at right angles to the arch wire. The finger spring is then bent 




back across the arch wire forming a miniature loop, after which it 
is again bent so as to assume the general curvature of the main arch 
as shown in Fig. 125. If a central or lateral on the left side is to be 
moved, the attachment is made on the opposite side of the arch in 

the region of the first premolar. 




The finger spring is then bent labially so that when the arch is 
placed in the mouth, the forward pressure of the spring will be 
brought to bear upon the malposed tooth, the point of application 
being at the gingival margin. Care should be exercised in applying 
this pressure lest it be made too violent. A gentle constant pressure 
is what is indicated and while it is difficult to describe in terms of 
measurement just how strong such a force should be, it is safe to 
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say it should be just as gentle as is possible. A long finger spring 
gives a more correct degree of pressure than a short one, hence 
short ones should be avoided. 

If the patient shows a tendency to interfere with the lingual arch 
wire or with the finger spring, it may be made more secure by 
banding one of the anterior teeth and soldering to the lingual surface 
of the band a hook or lug, allowing it to come in contact with the 
arch in such a manner as to stabilize it. 

As the malposed tooth moves forward, the lingual arch may be 
removed from time to time and rebent so as to follow up the tooth 
and the power of the finger spring may be adjusted as needed. 
When the movement has been accomplished, the arch may be bent 
in a manner to support the newly moved tooth against any tendency 
to move back into its original position of malocclusion. Owing to 



Fig. 125. — Diagram showing advantageous locations for the attachment of finger 

springs. 

the rigid and unyielding attachment offered the arch wire by the 
half-round tubes and shafts, care should be exercised to maintain 
their proper relationship during adjustments. Therefore, upon the 
removal of the arch, the distance between the shafts should be 
measured with a suitable pair of calipers and after changes are made 
the relationship of the shafts should again be measured to be sure 
that undesirable changes have not been made. Following this the 
arch is attached on one side and the relationship of the unattached 
end to the half-round tube is noted. If the shaft lies parallel to the 
tube and may be easily inserted (without binding) the relationship 
is correct and the arch may again be locked in position. 

(B.) The Labial Movement of All the Incisors of Either Arch.— 
Where all the incisors of one or both arches are to be moved with 
labial arch wires, the appliances are adjusted as described in "A," 



204 THE OPERATION OF APPLIANCES 

the buccal tubings on the anchor teeth being placed approximately 
parallel. This is important for, if they are allowed to point toward 
the median line, the forward movement of the arch during treat- 
ment will move them buccally and effect their partial rotation. In 
view of the fact that the first molars must furnish the resistance 
necessary to move the four incisors, the attachment to them should 
be as stable as possible. While the plain round tube will usually 
suffice, a more rigid and unyielding anchorage may be gained by 
using an oval or rectangular tube in conjunction with an arch wire 
whose threaded ends correspond. By thus establishing a stationary 
anchorage, the force applications may be made with a greater degree 
of security. The arch wire is adjusted about the teeth in the same 
manner as described in "A,'' care being taken to keep it close to all 
the teeth so that it will not prove cumbersome to the patient or a 
source of irritation to the soft tissues. When inserted into the 
buccal tubes, the ends of the arch should be passive as already 
described in "A" (see Fig. 104). 

The four incisors are then ligated to the arch preferably by means 
of metallic ligatures. If the character of the teeth is such that the 
ligatures are apt to slip off they should be supplied with bands 
carrying spurs or other suitable attachments to securely hold the 
ligatures in place. The adjusting nuts on the arch wire are then 
turned down and pressure applied to the incisors. Pressure applica- 
tions should be repeated every week or ten days until the desired 
movement is accomplished, care being exercised to avoid any 
degree of pressure which will cause pain or other inflammatory 
symptoms. 

Where both the upper and lower incisors are being moved at the 
same time, their occlusal relationship should be carefully watched 
so that the two may be moved in harmony. 

The labial movement of the incisors may also be accomplished 
very advantageously through the use of lingual arch wires. In the 
event such appliances are to be used, they are adapted to the teeth 
in the same manner as described in "A" except that the use of the 
finger springs is modified. On each side of the lingual arch in the 
region of the first premolar, a finger spring is attached and run 
forward being made to follow the general outline of the main arch 
wire, passing about the arch to a point opposite the disto-lingual 
surfaces of the lateral incisor. This makes it necessary for the 
finger springs to meet and pass each other and therefore one woiild 
lie slightly closer to the gingiva than the others. Before the arch 
is inserted, the finger springs are bent labially so that the right finger 
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spring applies pressure labially on the left central and lateral and 
the left finger spring exerts pressure on the right central and lateral, 
as shown in Fig. 126. 




Fig. 126.— Lingual arcli win 
In the diagram tlie arch wire 
the action of the finger aprin 
surfaces of all the teeth near 



applied for the labial movement of the lower incisora. 
has been incorrectly drawn in order to better show 
(3. In practice it would be adapted t« the lingual 
the giagivol margin. 



In bending the finger spring labially, care should be exercised 
lest the pressure be made too intense thereby not only proving 
injurious from a physiological standpoint but also interfering 
mechanically by having a tendency to lift the arch wire occlusally. 
As a precaution against displacement, one of the anterior teeth may 
be banded and a spur made to engage the lingual arch thereby 
insuring it against displacement. 




Fios. 127 and 128.— Showing the manner of using one finger spring tor the labial 
movement of the iccisors. Fig. 127 shows the case before and Fig. 123 shows it 
after the continued application of the finger spring. (Mershon.) 



It is not always necessary to use two finger springs as one will 
frequently accomplish the same results if skillfully handled. The 
manner of application of this spring is shown in Figs. 127 and 128. 
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C. The Laifaial M y f euiaa 6L liie bidion and Baocal 
ol llie CufMb aiDd Fremoiao. — I u briijjdii^ aU»ut tbe?ie (ii&ii|?es, the 
labia] iini i^ire i^ 4iaped iij a -^iDewhat differeut manDer thjuD in 
\ht previou- jjjo\>*jjjf'jjt-. aJthouirh t^K* hufx-ail ruhijiir> <»n the nK4ars 
are arra j Ji!*:^ J a - }x*f ^ »re . / . ' . . a p j >r' »xi ma t d ^• j »ara] W . Th^ arrh ^ houU 
Im i^o ^Mfii ihui 'fh^n ih' Uifn-nl n*in hi^ff-nJ xt^rinz-rje *ti i\{ ^freinfJ^r and 

m m J 

raypl^' U^if. nrt hrn^rjii (n t-dt.Vifi ..-.7*, tt. i^.^y '/ill 'if-cajro th/ jiftntian^ 
d^-yind. Jj, otjifr wf»rd-- thf- an-h wirf i- l.»eijT to ibe >hape of an 
ileaJ ar'-}j ajjd -^en*-- a- a paTTf-*rij f^^r T^"»Th iD^»vemem as well as the 
!y>iLrf^ of foff^ applicatiojj. forr^ lieiiJir aj.»p]ie<d thr<»ui:h the medhim 
of Ji^aTur*:-. Wlt^rJi ijiNerte^i. thf- eud- of the ar<*h >h^»uld l'»e passive 
iij t}je bij<-<*a] TuU:*- and -houl(j -taijd away frniu the premolars and 
^ni^pid- t}j<- di-tajjf^ ih^-y arf- T" }»e ijj<'ve<l. The iiK-i>ors may be 
dose to the ^\ire a- their forward uiuvemeut i- elTe<:'te<i bv the for- 




Fi<;. 1:^:^. - Jj^'i-rtiatiiiir thf- iji*.-thf>i of ruoviu;: ii^f-i^^.-rs lij'r'itilly and cuspids and 

pr*riJiolars l.'ucciilly. 

ward ifjo\'erfjerjt of tlje arcli re>ultaiit upcjn tightening the adjusting 
nuth. I'he labial and buccal movement of the cuspids and pre- 
molarhj result- from the spring of the arch brought into action by 
tightening the ligatures connecting them to the arch. In making 
pressure applications the adjusting nuts on the arch are turned down 
as de:s^riJ>ed in "A'* and "IV and the ligatures about the cuspids 
and premolars are twisted up snug and their ends bent under the 
arch where they will not interfere with the lips and cheeks (Fig. 129).' 
Where the movement is being carried out in both arches as is 
frequently necessary, the pressure applications should be made so 
that the changes may take place without disturbing the interaction 
of the opjK>sing inclined planes. In order to insure the stability of 

' In iU'iH iukt'dhcit the lateral inclsfirs only are l>eing moved labially. If a similar 
irtoveineiit was to he acconiplisbed with the centrals, it would be necessarj* to ligate 
tliern to tlie arch mre. 
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the ligatures those teeth needing them should be banded as already 
described in "A" and "B," and illustrated in the preceding drawing. 
Sometimes in moving the incisors labially the demands of treat- 
ment require their vertical or bodily movement. While this may 
be accomplished in several ways, one of the easiest methods is to 
supply the incisors with bands carrying delicate vertical tubes and 





Fig. 130. — Control of force on the incisors gained through the use of open tubes with 

vertical pin extensions from the labial arch wire.^ 

solder to the arch wire vertical pins to engage these tubes. Thus 
with the forward movement of the arch resultant upon turning- 
down the adjusting nuts, the incisors will be moved forward verti- 
cally. It is also possible by changing slightly the angle of inclina- 
tion of the vertical pins to effect the labial or lingual movement of 
the roots of the teeth as desired. 





Fig. 131. — Force controlled through the use of vertical tubes on the incisor bands 
with vertical pins from the arch wire inserted into the tubes. (Pin and tube appli- 
ance of E. H. Angle.) 

The same results may be accomplished by utilizing open tubings 
soldered well up gingivally on the incisor bands in conjunction with 
vertical pins soldered to the arch wire and extended occlusally on the 
incisors. By closing the open tubings sufficiently to prevent the 
arch wire from coming out and having the vertical pins bent in 
contact with the teeth, the bodily movement of the incisors may be 
accomplished. Likewise their apical movement may be controlled 

^ The open tube as a medium of attachment was introduced by Dr; Calvin S. Case. 
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hy c^iai^df^r the bearing of the end ol the vertical pins od the labial 
surfarje Figs. 130, 131 and 132, B and C . The ^aine resak mav 
aho be brouizht about b>' ui^iiif a Kngual arcfa doeely adapted at die 
ginich'al mandn in cr^mbination with a labial arch carrying vertical 
spring extea^irm.^ hearing upon the teeth at a point occhisaDy in a 
manner to ghe the ne<:t-vjar>' leverage as shown in Fig. 132, D. 

The labial movement of the incisor? and buccal movement of the 
cuspirlii and premolar-; may aL^j be ac-complisheil to advantage by 
utilizing the lingual arch in a -imiJar manner to that described in 
**A" and "B," the only difference in application being a sJi^tly 
different use of the finger -prings. In carrying out this movement, 
the operator has the choice of several combinations some of which 
are shown in Pig. 125 and al-o in Fig. IIO. 








— ► 



A B : D E 

Fig. 132. — Diagram showing different principles of force control. A, labial 
arch wire inclination or tipping movements; : B. vertical tube engaged by vertical 
pin from lah>ial arch wire, giving bodily control ipin and tube appliance of E. H. 
Angle; ; C, open tube with vertical pin extension from labial arch wire, giving bodily 
control; />, lingual arch wire used in conjunction with a high labial arch wire with 
vertical pin exten.«!ion-*, giving control of root movements (L. H. Lowrie); E, lingual 
arch wire applied at the gingival margin capable of bodily movement because of its 
ad van tageous itf^ai tion . 



Occasionally cases may be encountered where the depth of the 
overbite may prevent the use of the lingual arch on the upper teeth 
due to the fact that the lower incisors strike it and thereby interfere 
with its action. While this contingency prevents its use on the 
upper arch at least during the early periods of movement, it in no 
wise contraindicates its use on the lower teeth. 

(D.) lingual Movement of the Upper Centrals— Labial Movement of 
the Upper Laterals— Buccal Movement of the Cuspids and Premolars.— 
In carrying out such movements, the labial arch wire is adjusted in 
a manner similar to that abeady described in "C," care being 
exercised to have the buccal tubings parallel to each other. The 
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arch wire is adapted to approximate an ideal arch and the ends are 
inserted into the buccal tubings in a passive state. A plain arch 
wire may be used in this instance as the ends must be allowed to 
slip distally through the tubes as the central incisors move lingually. 
The arch wire should stand away from the premolars and cuspids 
approximately the distance they are to be moved labially and 
buccally and should be in contact with the centrals at the median 
line (Fig. 133). All the teeth to be moved with the exception of the 
centrals are then ligated to the arch, the ligatures being made tight 
enough to give the patient a distinct sensation of pressure. The 




Fig. 133. — Illustrating the lingual movement of the centrals, labial move- 
ment of the laterals and the buccal movement of the cuspids and premolars. In 
order to insure the better action of the appliance, the buccal tubes on the anchor 
teeth should be placed more nearly parallel than shown in the drawing. A threaded 
labial arch wire is shown with the adjusting nuts removed to allow the ends to pass 
distally through the tubes. Under these conditions, the threads are of no advantage 
so that a plain arch wire may be used. 



application of force to the laterals and cuspids not only will move 
them labially but will cause the arch to move distally carrying the 
centrals with it. A similar reciprocal action will be present between 
the premolars on each side of the arch through the spring force 
exerted by the arch from the tightening of the ligatures. 

If this movement is being carried out in the upper arch and the 
laterals are interlocked with the lower incisors, their forward 
movement will be attended with a little greater difficulty than the 
other movements. However if ample space is provided by the 
lateral movement of the canines, they may be readily moved over 

the bite. 
14 
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When the central incisors have been carried distally to the desired 
point, the arch wires should be removed and small lugs or stops 
soldered to it to prevent it slipping distally through the buccal tubes. 
It may then be replaced and the necessary movement completed. 

Instead of using the labial arch wire exclusively in creating the 
above described changes, it may be advantageously combined with 
a lingual arch as follows: The anchor bands are provided with a 
means of attachment for both the labial and lingual arch wires and 
the lingual arch wire is applied first in the same manner as described 
in conjunction with other tooth movements. An auxiliary spring is 
attached on each side of the arch as close to the anchor teeth as 
possible and extended forward to the mesial side of the lateral 
incisors. Before the arch is inserted these are bent buccally and 
labially so that when brought in contact with the lingual surfaces 
of the teeth will exert pressure in the desired direction, i, e,, buccally 
on the premolars and cuspids and labially on the lateral incisors 
(see Fig. 110). 

When as the result of this pressure, these teeth have moved the 
desired distance, the arch is removed, the auxiliary springs unsoldered 
and the arch wire rebent to conform to the lingual surfaces of the 
teeth in their corrected relations. Steps may then be taken to move 
the centrals lingually by applying a labial arch wire. In such in- 
stances, a plain labial arch wire may be utilized, being so bent that 
its ends enter the buccal tubings in a passive state with the rest of 
the arch just standing away from all of the teeth with the exception 
of the central incisors against which it should rest. Only slight 
pressure will be required to retract the centrals. This may be 
applied by tying the arch in place on each side with the ligatures 
extended from hooks soldered on the arch wire in the region of the 
first premolars and extended back over the distal ends of the buccal 
tubings. The tightening of these ligatures (or their shrinkage if 
silk ligatures are used) will move the ends of the arch distally through 
the tubes and exert the desired pressure upon the central incisors, 
eventually affecting their movement. 

If the arch wire has a tendency to slip gingivally on the central 
incisors, these teeth may be banded, open tubings or other media of 
attachment being soldered to the bands to receive the arch wire and 
control its position. 



CHAPTER XVII. 

THE OPERATION OF APPLIANCES (Continued). 

(E.) The Lingual Movement of the Incisors and the Buccal Movement 
of die Cuspids and Premolars.— The buccal tubings on the anchor 
bands should be adjusted in the same manner as previously described 
and the labial arch wire bent so that it will stand away from the 
premolars and cuspids a distance which is slightly greater than they 
are to be moved. In the incisal region, the arch should come in 
contact with all of the incisors if possible although if the centrals 




stand considerably in advance of the laterals, it should be curved so 
that pressure will first be applied to these teeth. A small amount 
of lateral spring should be put in the arch before it is inserted into 
the buccal tubes to offset the inward spring which will result from 
tightening the ligatures about the buccal teeth. The premolars 
and cuspids are then ligated to the arch wire and the adjusting nuts 
turned forward so it may sUp distally through the tubes. Coinci- 
dent with the labial and buccal movement of the premolars and 
cuspids, the distal movement of the arch wire occurs bringing it in 
contact with the incisors and affecting their movement. An arch 
wire so adjusted is practically automatic jn action and does not 
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need frequent adjustments providing nothing breaks. When the 
incisors have been carried lingually to the point desired, the adjusting 
nuts on the arch are turned down against the buccal tubings to 
prevent any further distal movement, or if a plain arch wire is used, 
suitable stops are soldered at the points indicated. 

Instead of using the labial arch wire exclusively to bring about the 
above described tooth movements, the lingual arch may be used in 
conjunction with it in a similar manner to that described in *^D" 
except that the auxiliary springs are extended forward only to a 
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Fig. 135. — Showing additional anchorage gained through the use of intermaxillary 
anchorage. When employed in such cases as described in E, the adjusting nuts on 
the upper labial arch wire should be turned forward to allow it to move distally 
through the buccal tubes. 

point where they will engage the cuspids. After the necessary 
buccal movements have been completed with this appliance, the 
labial arch wire is applied to the four incisors and they are moved 
lingually. In such cases, it frequently becomes necessary to rein- 
force the anchorage by utilizing intermaxillary force as shown in Fig. 
135.^ If the requirements of treatment demand the vertical move- 
ment of the incisors, the appliances described in "C" may be used. 

^ This method of applying force between the arches is frequently referred to as 
the " Baker Anchorage." in honor of Pr. Henry A. ^aker, who wa? among the ftr^t 
to u§9 it. 



MOVEMENT OF CUSPIDS, PREMOLARS AND MOLARS 213 



(F.) The Buccal Morement of tbe Ctuplds, Fremolan ind Molars.— 
In accomplishing this change with the labial arch wire, the appli- 
ances are adjusted in a similar manner to that described in "E" 
except that the adjusting nuts are turned down to a point which 
will prevent it slipping through the tubes (Fig. 136). If the molars 
are to be carried buccally to any great extent, the arch wire and the 
buccal tubings should be of a variety providing for the bodily 
movement of these teeth rather than a tipping movement. Before 
the arch is inserted, it is bent buccally so that when fitted in the 
mouth it will stand away from the buccal tubings approximately 
the distance which the molars are to be moved. An exception to 
this procedure would be made where the molars are to be moved 
extensively in which event the lateral spring should be increased 




from time to time as the teeth are moved rather than placing all the 
spring in the arch all at one time and thereby subject the teeth to 
an unnecessarily strong degree of pressure. 

After the arch wire is placed in position, the cuspids and pre- 
molars are IJgated to it after the manner already described. It is 
not always necessary to use ligatures exclusively under such condi- 
tions as other means may be substituted which add to the efficiency 
of the appliance. In some cases, a wire soldered to the mesio- 
lingual corner of the anchor band and extended forward across the 
lingual surfaces of the premolars to the mesial side of the cuspid will 
accomplish the same purpose,' A ligature may then be looped about 
this wire and passed between the cuspid and premolar and twisted 
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Akxir tbe arvh then^y ^en-in^ a> a iDean> of >Takilizing the appli- 
4r>.nf. Tbe fi-rv-e applie^i ti» the two >iile5' of the arch under these 
ctx>i:ti:«r^ i> rei-iprxx-al in rharaoter ainl ur^ler equal decrees of 
n?:>i<ta::<te^. ti-'th movement >houKl he i^raotk^Uv unifc^rm on both 

- f 

Tr.-e lir.ir-3i- ir>^.h may r^ -.i-o: :. ivir:;- iilar i.ivar.Ta^ in ejecting 

:r.> HI vr-jrr.t. 1: :s i::.:r-: : ::>.- :ir r.e< i< :t<./r:!^ti in E. 

ar. ±'i\i'J^ry >pr::.i: *:<•::..: .i-e: :. -r^-.h -i-ie :• •:>r.tr*>; the buccal 

i::i- vrci-er.: : the :-:^rj.- !irs iii.i -.>::••>. Be: re r^ir.i: :r.>erted the 

ar:ii -irv is r^:.: r-UA-^/.y a:: r xi- itriy ibe -ii^tarv^ which the 

zi-'liTf' iT>r :■ V^ HI. vei. i-r vi ii:.^ :h> h: vrHi-rnt :> r.-.-T !•>:• exten- 
--- .... .. .. , 11* 1 1 

sivr in -r-iTj.jtrr :r. vi-r.i.r. rve::': zv.r r'.:.\ti- >rrir.^ miy r^e estaoiisneu 

ITL thr ir<::^: ie^rve i:. : ::. re.i^^-i :r n: :iz:r : ::H:e a5 the teeth 
ar^ zi.vei. ^^~r.Tr:. ::.>^r:e>:. i ru^ti! ::>?>.>ure if- exerre^i upon all 
o: :He :ee:r. 's:. .r:::^.:: -aitr. :r.e >::t-> : :r.-r ir:r. v,-::^. :-e *:Teatest 
rar.j:^ .: i,:: :. V^ir.^ '..•^i:e: a: :"r.r ::. !.ir> ^r. i ir'::>?^-ir.^ :r. direct 
rr^:r«:r::-::: i> :r.r .-er.trr : :hr :'ir. r. T»i:^r :> jvr-r;ii.:hr».i. Owinc to 
th.i5 :j.:t, the- hij::: ir:h viir^ ::-.:-.y :_ : .-i^rry :br :'.:5p>.i< and first 
pc^^H-liTf j< :.vr "r'.::Mi'-!y .^5 ni^y r^ ie>::^f^i ^r.i >u:^ r^in*: the case, 
auxiliary >rrir.c> ni^y 'r«r M::ii.-c-i :; :vH:rje:e their novesient. 

G. Tbe Boccal Morezaezs of tbe QsiwL PremoUn and MoUn 
OB Oae Side Oalj. — ^^'r.Tr:: >t::>. a ni.ve— -er.t i> -T^j^tjcsir.-. the mal- 
rctsei terrth Are ::>::Al!y ir.ter. xkei v»::h th-e teeth :: the opposing 
ar:h. It. r.ier t •. '. er:; :v.e th:> :\r.i:t:.r. -s^ith.ut displaotni: the 
aij-h. r teeth, a:: e\trA ie^rvt: :' yrcr-Aviti. :. sh :•.:"..: Se taken. The 
arrA-hni-ent :' the !.iV:a1 Ar:h --viTv - ->^ .i:::h. r t:»:th en the nonnal 
>i.ie sh -.:. t :~«r <tAt"; v.Ar;. in /n.ir.v.ter a:..: the An:h:>rsi:e sho'.iAi he 
ir^in: -r.e.i r;- s.ierini: a "•1:^- -.. :he n-^i.-iin^.isi >>.ie of the 
an»:h:r "r«r.i ,C --inj: it t; extent : rr-Ari t. the .'nsrii where it 
nz^v *r«r s*:v.>rr^i t : a "r*An,i A:\nrAtei'. f.ttinc tin is t ;•. th. c-r tied to the 
ar:h *ty r^-^in^ a iicAtntv Sct"*ex n the ;n>t i- i An.i drst pressolar as 
sh-.-sTT. :n yi*:. 17. It the <<•:•; nn n; iAr i> yt^f^nt. a spur siay be 
exten.' tet rr nt th'r tist -linrnAi site :' the An.h.r r»An-.i an^i Hiade to 
ecp^re the im^.iAi snttVe . t the ><•:•. nt nt Iat At the ^rln^rt'.-a! mandn 
th?*i!^ry r:v::t*: A..t->eit r^fitt: :•?:>: tv.ent t. the A:v:h-.T:j^:e. 

Tbr in-.h:*? Iv&n.vi ,.n the ibn. -rtv-Al sitf sh;»t:i»,i v^irr»' a ^(xxal tub- 
ing c' th-e r:«tin«.i t}~:>e Alhwh.^ s tiryin^ nt;vcOM:t <^< the molar 
-r ^rln j: ins r-t::*::&l rnvvernent. Vn^ier this ArT:fcr.i«r>er-r, the arch 
■»nr* hj^ A rip.t AtTAvhn.ent :n the v.^crnAl si.ie arhi a noD-ijgid 
ir:A-h.nitrn:t :n the >iie tj S* nt>;v-v.. ^^'hJcr. :::n?ertec h is adapced 
:a:T?e t: th«r surfi^rr ;t the tcvth ::n the n^-ttnral siwSe heinx aDom^ to 
T2>: scazji awav tr:ci: th-e ir\is.iirs. ar.-i < n the abcors^ side, it is 
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adapted so that before being slipped into the buccal tubing, it will 
stand away from the teeth approximately the distance they are to 
be moved. After the end is slipped into the buccal tubing, the arch 
is securely ligated or otherwise attached to the lingual extension 
from the molar band on the normal side as illustrated. We have 
then four or five teeth on the normal side supplying the resistance 
necessary to move the malposed molar. As this moves buccally, 
the adjusting nut should be turned down from time to time suffi- 
ciently so that the arch wire will not press upon the incisors. 

When the interlocked molar has been moved the desired distance, 
the second premolar is securely ligated to the arch wire and moved 
in a similar manner. This accomplished, the canine and the first 
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Fig. 137. — Plan of securing anchorage for the buccal movement of the molar and 

premolars and cuspid on one side only. 



premolar may be treated in a similar way. It is not always neces- 
sary to move the malposed teeth one at a time as sometimes they 
may be moved in pairs or even all moved at the same time, depend- 
ing largely upon the security of the anchorage and the resistance to 
be overcome. 

If the lingual arch wire is to be utilized for this movement, it is 
attached in the usual way on the normal side being adapted in 
contact with all of the teeth until the median line is reached where 
it is made to stand slightly away from the incisors and cuspid on the 
abnormal side and occupy a similar relationship with the premolars. 
The molar on the abnormal side may carry a vertical half-round 
tube for the attachment of the arch, or a horizontal tube may be 
soldered close to the gingiva to receive the end of the arch wire. 
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Before being inserted, the arch is bent buccally approximately the 
distance the abnormally placed molar must move. We have then, 
force applied to the molar from the stationary' anchorage gained 
from the normally occluded molar and reinforced by all of the teeth 
on the normal side. Under these conditions, the molar on the 
abnormal side must eventually move and be carried into its correct 
bucx*o-lingual relation with the lf)wer teeth. 

The lingual arch wire is then remove<l and an auxiliary* spring 
soldered to it on the abnormal side in the region of the lateral 
incisor and extended distally to a point where it will come in contact 
with the two premolars. After bending the finger spring buccally, 
the arch is adjusted to place with force application being made only 
to the two premolars. As scx)n as they have been moved into their 
correct bucco-lingual relations, the cuspid is treated in a similar 
manner by either utilizing the same finger spring or by placing a 
new one which will more advantageously supply the needed pressing. 
Upon the completion of tooth movement, the arch wire is removed 
and readaptecJ to the lingual surfaces of all the teeth thereby offering 
support to the teeth moved so that they may not drift back into their 
former positions. 

(H.) The Rotation of Teeth.— In carrying out the movements 
previously described, it frequently becomes necessary to effect the 
rotation of one or more teeth and when indicated this may be 
accomplished at the same time the other movements are being 
carried out. In rotating incisors, in conjunction with other tooth 
movements being accomplished by means of the labial arch wire, 
the teeth to be rotated are supplied with bands, upon the lingual 
surfac*es of which, suitable hooks are soldered close to the gingival 
margin as shown in Fig. 138. By applying force to the tooth by 
means of a ligature and using the leverage of the arch at the opposing 
corner, the tooth may be turned on its axis, the principle of the wheel 
and axle being put into effect. A similar result may be obtained 
through the use of an individual lever inserted in a tube soldered to 
the buccal surface of the band with the power end of the lever 
secured to the main arch wire. 

Cuspids and premolars may be rotated in a similar manner either 
by the use of ligatures or by utilizing the other method described. 
Where the lingual arch wire is being used, auxiliary springs may be 
advantageously utilized for this purpose as shown in Fig. 139. In 
any event, rotation should not be attempted unless ample space is 
present to allow for the accommodation of the full mesio-distal 
diameter of the tooth being turned on its axis. 



THE ROTATION OF TEETH 



Where it is necessary to rotate molars, the end of the arch wire 
used as a lever will usually bring about the desired change unless 



Fia. 138.— The rotation of 




Fio. 139. — The rotation al premolars with auxiliary aprinsa used in conjiuiation 
with the lingual arch wire. 1. auxiliary springs in position; 2, rotations completed 
by this method. (A(ter Merahon.) 



21 S 



THE OPERATJOS OF APPUAXCES 



it ib y.tfj f xu-Dsive in charajcttT. It is frequently newssaiy to rotate 
tJje fir>i ujf •lari' ruiusiiic their di<tJC»-bTjf-(:al «irDer> w move lingually. 
TLi^ may Ix- hnnught al.K»uT in youiis j«iTieiJt> by puttini: a shaip 
beiid in xJie an-h wire ju>t anTerif^r Ijc« iIk- }»u(*ciil tubings causing 
tlje distal eii^lr c »f iJie wire t^.t pn-^Li liuCTially. ^^^le^e ct>nsiderable 
ruiaTJojj i* to lie eiTe^-te^i. it ^}J•••u^i l«r a«".'^'«»ni]Ji>}jei3 by degrees, t. <*., 
a^ a r»--^u]t r>f -several adjii-ii:j«ri.:- aii'i l- >: iiTU-iuj'ir'i all at one time. 
If Ixah aiichoT teeili are l^ei^^ • iiiir.zeii ai ilir >anie time, the arch 
wire will have a lendeucv i.. w.irk uiii i'f tht- Tul»es st» that some 

■ 

ujean> of uiakiiii: it =-e<.uiv -hnuld Ix- u^^i. Ti» ac-<:-iimf»lish this, it 
may either lie tie^i iii with ]ii:anl^e^. i:»r rubl»fr baii<l> may be slipped 
over the di-iii] ends of tlie buc<.-al tubiiiir- and -irvt<.-hed forward to 
enjraiie hfK)k- --•Idert^i t" liit- ar-.-ii wire. 





Fjo. lU). -Manner of rotatijig molars either through the use of a ligature t'left) or 

by a lever right . 



Where an extensive rotation of the molar is to be attempted, the 
principle of the wheel and axle may be utiUzed to advantage. A 
short buccal tubing is soldered vertically either at the mesio- or disto- 
buccal corner of the band depending upon which way the molar is 
U) be rotate^!. If the disto-buccal corner is to be moved lingually 
and the mesio-buccal comer moved buccally, the tube is soldered as 
shown in Fig. 140, the arch being attached in the tube by its distal 
end F>eing bent vertically or by a vertical pin soldered to the distal 
end of the arch . A spur is soldered to the mesio-hngual comer of the 
anchor band to serve for the attachment of a ligature which is passed 
Ijetween the teeth and tied about the arch opposite the embrasure 
fomierl Ixftween the first molar and second premolar. A silk 
ligature may be used in such instances to advantage. The arch is 
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bent so that it pushes lirigually on the distal corner of the tooth and 
it is bowed out so that it stands away from the mesial corner where 
the ligature exerts a force tending to move the mesial corner of the 
tooth buccally. 

Such rotations may also be accomplished by utilizing the principle 
of the lever in the following manner^ (Fig. 140) ; a pivotal attachment 
between the arch wire and the molar band is established as described 
above and a piece of spring wire 0.03 inches in diameter soldered to 
the lingual surface of the molar band at the gingival margin and 
extended forward to the cuspid region. It is bent lingually about 
a quarter of an inch and then ligated to the labial arch wire by 
passing a ligature between the cuspid and first premolar. This 
ligature is drawn up tight until the spring wire or lever is in contact 
with the lingual surfaces of the teeth. Such an appliance when 
used in conjunction with a labial arch gives very positive action and 
certainty of results. If the force of the lever is spent before the 
rotation is complete, the ligature tying the power end of the lever 
may be cut and the lever bent lingually sufficiently to reestablish 
its power. 

(I.) The Lingual Movement of Molars and Premolars.— When neces- 
sary to bring about this movement, it may be accomphshed by 
utilizing the labial arch wire in a similar manner to that described in 
**F" except that the direction of spring force in the arch is reversed. 
The molars are banded after the usual fashion with the buccal tubes 
placed well down toward the gingival margin. The arch wire is 
adapted about the teeth, being made to come in contact with the 
premolars and stand sUghtly away from the incisors and cuspids. 
The adjusting nuts are turned down until they are in contact with 
the buccal tubes so that this relationship may be maintained. 
Before its final insertion, the sides of the arch are bent lingually 
approximately the distance which the molars and premolars are to 
be moved (Fig. 141) . It is then inserted into the buccal tubes where 
it is necessary to tie it in with ligatures or use some other means of 
keeping it in place as an arch sprung lingually has a tendency to 
work out of the tubes. 

If the needs of treatment demand the bodily movement of the 
molars, this may be accomplished by using an arch wire with 
elliptical ends in conjunction with similar buccal tubings or by 
otherwise effecting a rigid attachment between the arch wire and the 
teeth to be moved. 

* Young, J. Lowe: The American Orthodontist, No. 3, vol. ii. 
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This same movement may be brought about by utilizing the 
lingual arch wire. If the molars only are to be moved lingually, 
the necessary amount of lingual spring is put in the arch before it is 




FiQ. 141. — Labial arch wire adjusted to the lower teeth for the lingual movement of 

the molars and premolars. 

inserted. If the premolars are to be included, they may be ligated 
to the lingual arch wire as shown in Fig. 142 or a spur may be run 
forward from the molar anchor band engaging their buccal surfaces. 




FiQ. 142. — Application of the lingual arch wire in moving the molars and premolars 

lingually. 



(J.) Straightening up Molars Tipped Mesially.— This frequently 
becomes necessary especially in the lower arch where the first molars 
have tipped forward into the space created by the premature loss 
of the deciduous second molars. The buccal tubings are attached 
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to the molar bands approximately parallel to each other and also 
parallel with the crests of the buccal cusps of the malposed molars. 
If the molars are tipped mesially, this would mean that the tubes 
will present gingivally so that when the arch wire is inserted, it will 
not follow the gingival margins of the teeth but will he somewhat 
below them. It should be adapted so that it lies passive in the 
tubes and as close to the gingival tissues as is consistent with com- 
fort. When finally inserted, it is sprung occlusally in its anterior 
portion and ligated to the six anterior teeth (Fig. 143). This brings 
into effect the principle of the lever, the force operating to tip the 
mesial side of the molars up and the reactive force tending to 
depress the incisors and cuspids. Owing to the fact that the move- 
ment of depression offers greater resistance than that of elongation 
or tipping, this latter movement is accomplished with the molars 
without affecting the anterior teeth to any appreciable degree. 




Fig. 143. — Straightening up molars tipped mesially. The position of the arch 
wire when inserted is shown, as well as its position when ligated to the six anterior 
teeth (dotted outline). 

Where this tipping process is to be effected on one side only, the 
arch is inserted in the tube on the normal side in the usual way and 
is bent into the relationship with the other molar which it should 
occupy if the molar were not tipped mesially. It is then inserted 
into the tube of the abnormal molar and the arch is ligated to the 
anterior teeth. When so placed the action of the arch wire has a 
tendency to straighten up the molar tipped mesially and at the same 
time a certain amount of reactive pressure is tending to tip the 
normal molar mesially as well as depress the anterior teeth ligated 
to the arch. All of the normal teeth however offer sufficient 
resistance so that the movement of the abnormal molar is brought 
about. 

The lingual arch may also be used to advantage in straightening 
up molars tipped mesially, the necessary force applications being 
gained by making a slight bend occlusally in the arch wire just in 
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front of the vertical shafts which engage the half-round tubes. 
When inserted under these conditions, the lingual arch will press 
labially and occlusally upon the lingual surfaces of the anterior teeth 
which will have a tendency to force them labially as well as depress 
them, and at the same time a leverage will be exerted against the 
molars tending to tip them uj) toward their normal positions. To 
prevent any displacement of the anterior teeth, they should be 
ligated to the arch or otherwise attaduMl to it. If one molar only is 
to be moved in this manner, the ben<l is made only on the side 
affected. 




Fig. 144. — Opening up space for an unerupted cuspid. The direction of force is 

controlled by soldering small spurs on the arch wire. 

(K.) Opening Up Space for Unerupted Teeth.— Where teeth remain 
impacted as the result of adjacent teeth migrating into the space 
they should occupy, it frequently becomes necessar\' either after 
normal arch form has been established or during the time this change 
is being brought about to change the positions of the teeth adjacent 
to the space. 

In the event of the impaction of the lower second premolars, the 
arch may be first lengthened and broadened as indicated, by carrying 
the incisors labially and the cuspids and first premolars buccally 
and labially as described in *'C.'' The position of the Ugatures 
attached to the first premolars should be fixed on the arch by a spiur 
or hook which will prevent the ligature from slipping distally as the 
arch is moved mesially upon the tightening of the adjusting nuts. 
By using the arch wire in this manner, the necessary space for the 
second premolars should be created. However, caution should be 
exercised lest the lower molars be pushed distally through the 
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anchorage strain placed upon them. If they show a tendency to 
lose their normal relationship with the opposing teeth, additional 
anchorage should be employed through the use of intermaxillary 
elastics as shown in Fig. 135. These are stretched from a hook 
on the upper arch soldered in the region of the cuspids and attached 
over the distal end of the lower buccal tubing. The gentle pressure 




Fios. 145 and 146. — Auxiliary springa used in conjunction with a removable 
lingual arch wire to open up spaces for uncnipttii teeth. Pig. 146 shows the upper 
arch before treatment and Fin. 146 after the space was created for the unenipted 
premolar, showing the appliances in place. (After Mcrshon.) 



from this source will counteract the reactive strain placed upon the 
molars through the labial and buccal movement of the incisors, 
cuspids and first premolars. 

Where adjacent teeth are to be moved mesially or distally to allow 
for the eruption of an incisor or cuspid the movement may be effected 
by controlling the din^tion of force from the ligature by placing 
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spurs on the arch at the points indicated as shown in Fig. 144. 
Such changes may also be brought about by the use of looped springs 
soldered to the arch wire, extended gingivally and bent about in the 
form of a loop with the end bent horizontally so as to engage the 
malposed tooth at the gingival margin. This gives a direct spring 
action caj)able of varied degrees of pressure. Figs. 145 and 146 
shows the method of aj)j)licati()n. This same principle may be 
used to advantage in the movement of any teeth anterior to the 
molars being apj)licable in conjunction with either the labial or 
lingual arch wire. 



CHAPTER XVIII. 

THE OPERATION" OF APPLIANCES (Continued). 

(L.) The Lingual Movement of the Upper Incisors, the Buccal Move- 
ment of Cuspii^, Premolars and Molars in Conjunction with the Mesial 
Movement of All the Lower Teeth.— These changes, with slight 
variations are usually indicated in the treatment of cases belonging 
to Class II, Division I. On the upper arch, the appliances are 
adjusted as described in "E," (see Fig. 147) except that a certain 




adju3te<J. 



amount of buccal spring is placed in the arch so that the molars 
may be moved huccally in conjunction with the other lateral teeth 
and thereby pro\'i(le the necessary arch width to accommodate the 
lower arch when it has been moved forward into its normal relation- 
ship. The appliances are adjusted to the lower teetli as described 
in "C" and the lower six anterior teeth firmly ligated to the arch 
wire as shown in Fig. 148. 

Hooks are soldered to the upper arch wire in the region of the 
cuspid to provide a means of attachment for intermaxillary elastics 
(Fig. 149) which are stretched from thb point distally and attached 
over the ends of the buccal tubings supporting the lower arch wire. 
The premolars and cuspids of the upper arch are ligated or otherwise 
IS 
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attached so that the spring of the arch may effect their buccal 
movement at the same time a similar movement is being accom- 




Vu.. 14^. -Thr lowfT lal>i:il an-li win* in piare. 





l~ )nniuiii 



tynuumiiiL 



Fkj. 149.— ShowiiiK the upper and lower appliances in place with provision for 

intermaxillary elastics. 



j)lish(»(l with the molars, and the adjusting nuts on the arch wire are 
turned fonvard allowing the arch wire to come in contact with the 
u])i)er incisors to effect their lingual movement. When this has been 
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accomplished to the degree desired, the adjusting nuts are turned 
down against the buccal tubings to fix the position of the arch wire. 
The intermaxillary elastics should be worn at all times except 
during meals when they may be removed by the patient and replaced 
by fresh ones after meals. 

The constant wearing of the intermaxillary elastics will in due 
time affect or bring about the desired change in the mesio-distal 
relationship of the arches. When this has been accomplished, such 
minor tooth movements as rotations, etc., may be completed and 
the teeth temporarily supported or retained with the appliances 
until more suitable retainers can be made to replace them. 

In nearly all such cases there is a lack of vertical development in 
the region of the molars and premolars with a corresponding eleva- 
tion of the incisors and it is necessary to overcome these conditions 




Fig. 150. — Arrangement of the intermaxillary elastics for the elevation of the molars 

in conjunction with other tooth movements. 

as far as possible during treatment. While the depression of the 
incisors and canines is possible only to a small degree, the elevation 
of molars is more easily accomplished and in the majority of cases, 
this objective may be brought about by a special arrangement of the 
intermaxillary elastics as shown in Fig. 150. By elevating and 
supporting the molars in this manner, the premolars will frequently 
elongate until they reach a harmonious relationship with the newly 
established plane of occlusion. 

In treating those cases having the above characteristics with the 
exception that the lower arch is distal to normal on one side only 
(Class II, Division I, subdivision), the application of intermaxillary 
elastics is made only on the abnormal side, the balance of the 
movement being similar to that where a bilateral distal relationship 
exists. 
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In bringing about the above described changes it is not necessary 
to use a labial arch wire upon the lower teeth as a lingual arch wire 
will usually serve the purpose to far better advantage. This may be 
either fixed or removable in character, the latter being preferable. 
When employed, hooks are soldered on the buccal surfaces of each 
anchor band near the gingival margin with the ends extended 
distally to serve as a means of attachment for the intermaxillary 
elastics (Fig. 151). 

Any minor tooth movements indicated in the lower arch may be 
brought about with this appliance at the same time it is being 
moved mesially. As a precaution against the lingual arch wire 
being displaced through the interference of the patient, one of the 
lower anterior teeth should be supplied with a band carrying a spur 
extension which will engage the arch in a manner to prevent its 
displacement. 




Fig. 151. — The removable lingual arch wire adapted to the lower teeth with hooks 
provided on the anchor bands for the attachment of intermaxillary elastics. 

(M.) The Labial Movement of the Upper Centrals, Lingual Move- 
ment of the Laterals, the Buccal Movement of the Cuspids, Premolars 
and Molars in Conjunction with Mesial Movement of All the Lower 
Teeth.— To bring about these changes which are more or less typical 
of the needs of cases belonging to Class II, Division II, an upper 
labial arch wire is adjusted in a similar manner to that described in 
"C." The centrals which usually tip distally are firmly ligated to 
the arch wire as are also the cuspids and premolars (Figs. 152 and 
153) the first object to be gained being the making of space to 
provide for the forward movement of the centrals. This accom- 
plished, an effort is made to perfect the form of the upper arch so 
that it may accommodate the lower arch when it is moved forward 
into its normal relationship. 
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On the lower teeth, the labial arch wire is adjusted as described 
in "C and force applied to those teeth needing minor movements 
by the application of ligatures. All the lower anterior teeth are 
then ligated to the arch and intermaxillary elastics are applied in 




Fig. 152. — The labial arch wire adjusted to the upper teeth. 

the same manner as suggested in "!/' (see Figs. 150, 151, 152 and 
153). Through their consistent application, the lower teeth will 
move forward into the relationship desired. While this is being 
accomplished, the upper arch should be widened in the molar and 
premolar region by giving the sides of the arch wire the necessary 
amount of lateral spring and applying ligatures to carry the teeth 
to the positions desired. 




FiQ. 153. — Showing the upper labial arch wire in position. 

The forward movement of the upper centrals is augmented by 
turning down the adjusting nuts on the arch wire and at the same 
time keeping the ligature about them securely tied. The lingual 
movement of the laterals which is usually indicated only to a very 
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slight degree may be brought about by bending the arch wire so 
that it bears upon their labial surfaces and thereby exerts the slight 
pressure necessarv' or a fine auxiliary spring may be soldered on each 
side of the arch at the region of the cuspid and extended to the labial 
surface of the lateral and so bent that it will exert the necessary 
pressure. 

Where the mesial movement of the lower teeth is indicated on 
one side only (Class II, Division II, subdivision) in conjunction with 
the other movements described above, the manner of using the 
applianc*es differs only in that the intermaxillary force is applied on 
the abnormal side only. 

Instead of using the labial arch wire upon the lower teeth, a 
lingual arch wire may be used, the removable tx'pe being preferable. 
This mechanism will not only supply the necessary anchorage for 
the application of intermaxillary force but any minor tooth move- 
ments indicated may be acx'omplished by using suitable auxiliary 
springs. Hooks for the attachment of intermaxillary elastic's 
should be soldered on the buccal surface of each anchor band (Fig. 
152) l3eing placed close to the gingival margin where they will not be 
interfered with by the overlapping cusps of the upper molars. 

(N.) The Depression of the Incisors and the Elevation of the Molars 
and Premolars of Both Arches.— In bringing about the changes out- 
Uned in *'L'' and "M," it is almost alwavs necessarv to overcome a 
more or less excessive over-bite, particularly in cases belonging to 
Class II, Division II. If this factor is neglected, the benefits of 
tooth movement will be but temporary in character as the unnatural 
occlusal stress of the deep over-bite will eventually drive the lower 
teeth back into a distal occlusion. Therefore, during the progress 
of tooth movement, a consistent effort should be made to establish 
a correct occlusal plan by the elongation of the molars and the 
depression of the incisors, this latter movement being possible only 
in a slight degree. The upper arch wire is given a slight bend 
occlusally just in front of the buccal tubings so that when passive 
in the mouth, it stands above the gingival margin in the incisor 
region (Fig. 154). It is then sprung down and ligated to the incisors 
or attached to them by means of open tubings, hooks or brackets. 
The spring of the arch is thus operating to depress the incisors and 
the leverage in the molar region is operating to elevate the molars 
and tip them sUghtly distally. 

The lower arch (Fig. 155) is treated in a similar manner and 
intermaxillary elastics are applied in triangular form as shown in 
Fig. 150. Under the influence of this arrangement of appliances. 
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the incisors will be slightly depressed and the molars elevated which 
will give favorable opportunity to the premolars to grow up to a 
harmonious relationship with the newly established plane of occlu- 
sion. 

Instances may occur where the degree of over-bite is so excessive 
and the relationship so persistent that more radical means must be 




Fig. 154. — Appliances adjusted to depress the upper incisors and elevate the 
molars. The dotted lines show the position of the arch wire before it was sprung 
downward and attached to the incisors. 



employed to eflFect a correction. In such cases "the bite plane'' 
or "bite plate" may be employed to advantage. This consists in 
placing on the lingual aspect of the upper incisors a plane or shelf 
against which the lower incisors occlude, the shelf being raised to a 
plane which estabHshes the correct inciso-gingival relation of the 
anterior teeth. 




Fig. 155. — Appliances adjusted to depress the lower incisors and elevate the 
molars. The dotted lines show the position of the arch before it was sprung upward 
and attached to the incisors. 



Bite planes or bite plates may be made of metal or vulcanite 
and may be either fixed or removable in character. In either event 
the plane with which the lower teeth come in contact is made to 
slope gingivally so that in closing the jaws, the lower teeth slide 
forward until they come in contact with the lingual surfaces of the 
upper incisors. Intermaxillary elastics may be worn in conjunction 
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with this appliance to elevate the molars until they are in occlusal 
contact (Fi^. 156). 

Where the ])remolars do not elongate within a reasonable time, 
their vertical height may be changed by the use of auxiliary springs 
as shown in Fig. 157. 




Fig. 150. — Principles involved in the u.se of a bite i)Uine on the upper incisors, in 
conjunction with intermaxillary elastics to aid in the elevation of the molars. 




Fig. 157. — Auxiliary spring for the elevation of the premolars. (After J. L. Young.) 



(O.) The Elevation of the Anterior Teeth.— In those cases charac- 
terized by a lack of occlusion of the anterior teeth and which are 
known as open-bite cases, the labial arch wires are adapted about 
the teeth, being made to lie in contact with all the teeth which do 
not require labial or buccal movement. Before their final insertion, 
a bend is made occlusally on each side of the arch wire just in front 
of the adjusting nuts so that when inserted each arch wire occupies 
a horizontal position opposite the occlusal edges of the incisors and 
cuspids. Each arch is then sprung up to a level w^ith the gingival 
margin of the incisors and firmly ligated to place C^ig. 158). This 
brings into action the spring force of the arch wires operating to 
elevate those of the anterior teeth ligated to them, with a reactive 
pressure on the molars tending to tip and depress them. As this 
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movement offers greater resistance than that offered by the anterior 
teeth, they will usually elongate without seriously disturbing the 
anchor teeth. 

Anchorage may be reinforced by utilizing intermaxillary force 
in the following manner: small hooks are soldered to both the upper 
and lower arch wires in the cuspid region and small rubber bands 
stretched between the two arches. This auxiliary force not only 
greatly aids the anchor teeth but facilitates the movement of the 
anterior teeth. 

The use of ligatures as the media of attachment between the arch 
wires and the teeth to be moved is not obligatory for such teeth 
may be banded, with small hooks soldered to the labial surfaces of 
the bands in a manner to engage the arch wire. In fact, such an 
adaptation of the appliances is preferable to the use of ligatures 
which are liable to become loosened and need frequent attention. 
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Fig. 158. — Labial arch wires adjusted to bring about the elevation of the upper 
and lower anterior teeth. The dotted lines indicate positions occupied by the 
arch wires before being attached to the teeth to be moved. 



As soon as the downward spring of the arch wire has spent itself 
(or in the case of the lower, the upward spring) it may be removed 
and the bends in front of the adjusting nuts increased thereby 
reestablishing the spring power. 

Where the elevation of the premolars is indicated, it may be 
brought about in some instances by attaching them to the arch wire 
as already outlined in connection with the incisors, or by the use of 
auxiliary springs as already described. 

(P.) The Mesial Movement of all the Upper Teeth and Distal Move- 
ment of the Lower Teeth.— In bringing about this change, the buccal 
tubings on the anchor bands are placed in a similar manner to that 
already described and the arch wires adapted about the teeth in 
such a manner as to provide for the buccal or labial movement 
of teeth requiring such changes. 
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When normal arch form has been established in each arch, inter- 
maxillary force is applied between the two arches by stretching inter- 
maxillary elastics from the distal ends of the upper buccal tubings 
forward to hooks soldered to the lower arch wire in the region of the 
cuspids (Fig. 159). In order to prevent the upper incisors from 
tipping labially during this phase of treatment, they should be given 
a rigid attacliment to the arch wire by supplying them with bands 
carrying delicate vertical tubes for the reception of vertical pins 
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Fig. 159. — Appliances adjusted for the mesial movement of the upper teeth and 

the distal movement of the lower teeth. 



soldered to the arch wire or by the use of a rectangular arch wire 
attached to brackets on the incisors or by otherwise applying the 
force in a manner which will make possible the mesial movement of 
the upper teeth without tipping the incisors into an unnatural 
inclination. The same precaution should be exercised in regard to 
the lower incisors, particularly if the patient's age is in advance of 
childhood. 

The anchorage requirements in this movement are exacting and 
if possible all the teeth of both arches anterior to and including the 
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first permanent molars should be included either directly or in- 
directly. 

In the event there is a mesial malrelationship on one side only, 
i. e,y a sub-division of Class III, the appliances are used in a similar 
manner except that intermaxillary force is applied only on the 
abnormal side. 

It is not always necessary to use a labial arch wire on the upper 
arch as frequently the lingual arch is indicated and can be used to 
advantage. In fact, except in those cases characterized by infra- 
occlusion of the upper anterior teeth, the removable lingual arch 
offers very decided advantages. 

In the event it is chosen in preference to the labial arch wire, 
such tooth movements as are indicated to bring about normal arch 
form are carried out by the aid of finger springs as already described 
in connection with this mechanism. Intermaxillary force is then 
applied, the elastics being stretched from hooks soldered on the lower 
arch wire in the region of the cuspids and extended distally to hooks 
on the buccal surface of each molar band. Such intermaxillary 
force should be constantly applied, rubber bands being used which 
will exert a very gentle pressure. This is particularly necessary if an 
upper Hngual arch is in use as the upper teeth should be moved 
mesially very slowly so that the incisors will not be unduly tipped 
during the process. 

When for reasons of appearance, it is desired to avoid the use 
of the ordinary labial arch wire on the lower teeth, a modified lingual 
arch may be used. This should carry a labial extension made of 
fine wire (0.026 of an inch in diameter) soldered to the Hngual arch 
just distal to the cuspid on each side and extended through the 
embrasure between the cuspid and the first premolar and adapted 
closely to the labial surfaces of the incisors and cuspids at the 
gingival margin. Hooks for the attachment of the intermaxillary 
elastics are soldered to the labial wire opposite the cuspids. If the 
pull of these elastics tends to displace the appliance occlusally, it 
may be stabilized by banding a premolar on each side, providing it 
with a lingual spur to engage the arch wire. 



CHAPTER XIX. 
KKQriRKMKNTS OF TREATMENT. 

It is hut logical to a»iiiiu' tliat U'fore any active measures are 
enij)l()ye(l for tlie niovenient of t(H'tli, the oiKTator will have deter- 
mined definitely the extent and charaeter of the changes which will 
\yv necessary to restore the ])arts to normal function. This entails 
a careful studv of each ca>e made both from oral examination and 
from plaster casts which truly de])ict the degree of abnormality 
present. As the details of diagnosis have already been covered in a 
previous cha])ter, reiteration of the facts relating to it will not be 
made here. 

(liven the o])])ortunity, corrective measures should be instituted 
as early as ])ossible. This fact has btn^n reix^atedly emphasized in 
the ho])e that no niisconcei)tion will arise in the student's mind as 
to the age most suitable for treatment. In spite of the voluminous 
evidence to the contrary there are still in existence those who advise 
the delay of treatment until all of the ])ermanent teeth have erupted. 
Such advice is but unmistakable evidence that the giver is devoid 
of any real conce])tion of the orthodontic j)roblem. 

In view of the fact that the treatment of the majority of cases 
extends over a period of a year or more, it is important that the 
probable length of time required should be made known to the 
parents and the iinportance of carryimj the work through consistently 
should be emphasized. It is seldom j)ossible to state definitely the 
length of time which will be reqiiire<l, for the problem confronting 
us is one of development which varies considerably in different 
individuals. This is exemplified in the variation shown in the 
eruption of teeth in different children and as frequently the period 
of treatment must be extended to the time when certain of the 
])ermanent teeth have erupted and assumed their occlusal relations, 
these facts must be taken into consideration. 

Parents frequently postpone orthodontic treatment because they 
have been led to believe that the wearing of appliances and the move- 
ment of teeth adversely affects the health of children. This un- 
favorable impression is the result of the work of pseudo-orthodon- 
tists who attempt orthodontic operations without being in possession 
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of an adequate knowledge of the subject, and as a result either use 
methods or appliances incompatible with the physiological require- 
ments of treatment or who otherwise abuse the tissues in a manner 
to cause pain and distress. Unquestionably, some children subjected 
to such experiences are at least temporarily impaired in health. 
Howe^'er, where thoroughly scientific methods are employed and 
where the teeth are moved in accord with physiological laws, and 
where the orthodontist takes e\'ery precaution to sustain the 
comfort of the teeth and the mouth, no injurious effects from ortho- 




pia, 160. — Photographs made of a patient at the time treatment was startci! and 
after the teeth and arches had Iwen restored to their normal relations. A Htudy of 
the two facos will reveal the mark.id imiirovenient ill health. The elapacd time 
between the photiiKruphs was hut ten months, duriiiR which jieriod the patient jsaincd 
slightly more than thirty pounds. 

dontic treatment will accrue either locally or constitutionally. 
Furthermore, on the contrary, the health of the patients will in the 
vast majority of instances show decided improvement due to the 
restoration of the normal functioning of the teeth and other functions 
related thereunto (Fig. 160). 

Getting accustomed to the appliances is perhaps the most uncom- 
fortable phase of treatment and any time or effort spent in making 
it easy will do much to gain the confidence and cooperation of the 
patient and thereby greatly enhance the chances for successful 
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THE TREATMENT OF CLASS I CASES. 

in tijrr tn-ati/jeut of rase:^ beloiiiriiii: ti> (lass I. the operator is 
fn-'jiK-iitly coiifrouU^] with a multiplicity of conditions but all 
rorn':-,pond in oik; essi'ntial, viz.: there is present a normal mesio- 
di:-,t.aj nJationshij; of the arches. Therefore no change of relation- 
hliip iti'jA Ixt r;oijteiiJj>late<l hut our efforts must be directed toward 
<*?siahlihhinj^ all nialpose^l teeth in harmony with the line of occlusion, 
in ar-rornplisliinj^ this end, it may 1)6 necessarv' to move all of the 
t<'cth present, or the (Utp^nte of abnormality may be relatively 
j^iniplc, re<iijirin^ the movement of but few teeth. In any event 
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each case must be studied not with the idea of "making individual 
teeth straight" but in so placing them in their relationship in the 
arches and with the other teeth that normal function will be estab- 




lished and maintained and the natural developmental forces of the 
whole masticatory apparatus will be favored. In illustrating the 
requirements of treatment of these cases, the student's attention 



:;4() 



KKQIIREMKSTS Ot THKAIMKST 



is ciillcil ti> Fifis. Hil til 171 incliiHivc which ilepitt rather common 
ty]X's of nial<ic<-hisi(>ii couiiiig hwKt this dassification. 

In thv case shuwii in Fij;. Hil A anil li, there is present an arrest- 
ment of develojrtiicnt manifest in li<ith arches, es])e<'ially marked in 
tlieir anterior jxirtiiins which has resulttni in the upper and lower 
ineisiim assnininf: a cmwileil n'hitionsliip. The re<|nirement3 for 
tn'Jitnieiit iirc very clear, tlie cliaTiges iiidieate<l being chiefly a 
linccal ilcvelo]»mcnt of iMitli arches which in dejTR'e must he greatest 
in the {ireniohir and cnspiil region. In " M" of l-'igs. Kil and 1(>2 are 
shown the extent and dinrtion of tontli movement necessary to 
phicc all tlie teeth in Iiarinoiiy with the line of occhision. 
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Fiu. Iti2. — .1, (htIiis;!.! vii^w hctoiu tri'alTuwit: /*, oodusiil view after treatment. 

These cliaiigos were lirouglit ahont l)y the use of labial arch wires 
after the plan describedhi "('," "V" and "II."' After the required 
arch width ha<l been estal)lislie«l, tlie up])er incisors were rotated by 
supplying each tooth with a band carr\ing a spur on its disto- 
lingual side near the gingival margin to ser\e for the attachment of 
ligatures which were then tied about the arch and tightened at 
regular intervals. In "B" of Figs. 161 and 162 are shown the 
results of treatment, the second set of casts having been made a 

' Ch:iplera XVI and XVII. 
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year or more after all appliances had been removed. While labial 
arch wires were used in the treatment of this case, it would doubtless 
have responded equally well to force applications from lingual arch 




In Fig. 163 (A) we have a similar case which differs only in a 
slight degree so far as principle is concerned. There is a general 
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arreHtinoiit of (lo\'i'lopment tliroii}iI»nit lioth arches with a crowding 
oF tlie incisors. Lingual art-Ii wipta were utilized to bring about the 
required clmnges, the mechanism being applied as described in "C" 
of Chapter XVI. The only teeth carrying bands were the four 
first permanent molars, changes to indi\idual teeth being brought 
al>out entirely by the use of aiixiliarj' springs. Increased width of 
the areh in tlie molar region was accomplished through urilizing the 
s])ring of the main arch wire. The extent and direction of the 
changes necessary to place all of the teeth in harmony with the line 
of occlusion is shown in Fig. 1(14. 




in Fig. 163. A, arches before 



Again in "A" of Figs. IG5 and ICA), we have a case very charac- 
teristic of Class I. The arrest of <lc^elopment is general through- 
out the arches, being particularly manifest in this case in their 
anterior jjortions. Lingual arch wires were applied and the four 
incisors, botli upper and lower, were carried slightly forward. 
While this was being accomplished, auxiliary springs were attached 
well back on the arch and pressure was applied to the premolars. 
In addition to tliis, a small amount of lateral spring was placed in 
the main are-li wire. As a result, the arehes were increased in widtli 



TREATMENT OF CLASS I CASES 243 

and length and the teeth were established in harmony with the line 
of occlusion as shown in "B" of Figs. 165 and 166. When this point 
was reached, the auxiliary springs were removed from the arch wires 
and they were readapted so as to come in contact with all of the teeth 




Fia. 105.— A, teUtioDH of the teeth and arches before trealraent; B, after 

close to the gingival margin, thereby constituting a very efficient 
retainer. 

In "A" of Figs. 167 and 168, we have a Class I case presenting 
rather different characteristics from those previously described. 



244 



REQUIREMENTS OF TREATMENT 



There is a very marked degree of arrested development in the lower 
arch, as the result of which the upper anterior teeth have crowded 
up in an effort to occlude with the lowers. The length of the over- 
bite is quite excessive, the lower incisors being in contact with the 
upper gingival tissues. As the closeness of the bite made it impos- 
sible to adapt a labial arch wire to the lower anterior teeth, the 
movement of these teeth was not attempted imtil the upper centrals 
were mo^'cd forward as described in "A" of Chapter XVI. After 
the u])per arch was treated with the idea of establishing the right 
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amount of distance between the molars and the incisors, a labial 
arch wire was applied to the lower teeth and the four incisors and 
right lower cuspid were carried forward and at the same time, a 
downward spring was put in the arch wire as described in "N" of 
Chapter XVIII, to effect the elevation of the molars and the depres- 
sion of the incisors. A similar adjustment of the labial arch wire 
was made with the idea of bringing about this same change in the 
upper arch. When the lower anterior teeth had been carried forward 
the required distance, the necessary space for the lower right second 
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premolar was created and this was then moved into its correct 
relationship. The changed relationship of the teeth is shown in 
"B" of Figs, 167 and 168 the newly-created plane of occlusion being 
especially apparent as shown in Fig, 169. 




In " A" of Fig, 170 we have rather an unusual type of malocclusion 
particularly for Class I. There was a very decided open bite with 
the upper anterior teeth protruding and the lower anterior teeth 
' being bunched and inclining lingually due to the prolonged indul- 
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geiit-e ill the use <»f a pacifier, which habit had been continued up 
until the time tlie patient was brought for examination. In the 
treatment of tliis case, it was necessary to move the upper incisors 
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—A, occlusal view of the arches before treatment; B, after treatment. 



Fia. 169. — A, the occlusal plane of the lower teeth before 
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lingually and at the same time elevate them slightly, while in the 
lower arch, the lower incisors had to be moved labially and slightly 




Fio. 170— -4, relatii 



elevated. All of this was accomplished by the use of labial arch 
wires. The lower incisors were Hgated to the arch wire and moved 
forward by turning down the adjusting nuts. The upper incisors 
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WRFP niiA-eii iiniriall>' b>" iilliffl-inii rhe an:h wire to slip distaJIy 
rhroii:ih the bui'cal tubes, the fi>ri-e iiet'SM.-'jirj' heinjr ■jupplied through 
the II.-* ijf intermaxillar>- elji.-tiis. 




id archi'd before treatment ; B, atter treatment. 



'Vhf. tipiK:r (irch wire was stabilized in its position on the incisors 
by biiiidiiif! these te<;tb and engaging to arch wire with small hooks 
si>lderf<| to the laliiid surfaces of the bands. \\'hen normal arch 
form Imrl iM'cn established, the elevation of the upper and lower 



TREATMENT OF CLASS I CASES 249 

anterior teeth was accomplished by utilizing the spring of the arch 
wires by bending them occlusally just in front of the adjusting nuts 
as described in "O" of Chapter XVIII. The results of treatment 
are shown in "B'' of Fig. 170. 

Cases sometimes occur where a malocclusion is limited to individ- 
ual teeth or to groups of teeth, such a case being shown in "A" of 
Fig. 171 where the upper incisors only are in malocclusion. Where 
such cases are allowed to go untreated, more serious deformities 
will usually develop, particularly in cases where the restraining 
influence of the upper incisors is lost, allowing the lower arch to 
gradually work forward into a mesial occlusion. In the treatment 
of this particular case, a labial arch wire was applied to the upper 
teeth and the four incisors were moved labially by tightening the 
adjusting nuts at regular intervals. In '*B" of Fig. 171 is shown 
the results of treatment. 

Sometimes in handling such cases it becomes necessary to rein- 
force the anchorage in the upper arch by utilizing intermaxillary 
force, in which instance a labial arch wire is adjusted to the lower 
teeth and made stable by attaching it to a sufficient number of the 
teeth so that it will not be displaced through the pull of the elastics 
which are stretched from hooks soldered in the region of the cuspid 
teeth to the distal ends of the upper buccal tubings. 



CHAPTER XX. 
TREATMENT OF CTASS II CASES. 

As the distinguishing characteristics of these cases is a distal 
occlusion of the lower teeth either bilaterally or unilaterally, one 
of the most important changes to be brought about by treatment is 
the establishment of the arches in their normal mesio-distal relation- 
ship. In order to accomplish this and make possible the normal 
functioning of the teeth in occlusion, the form of the arches must 
frequently be modified and individual teeth or groups of teeth moved 
in varied degrees depending upon the extent of the maldevelopment. 
In fact, such cases frequently present problems and requirements 
similar to those encountered in Class I Malocclusions and in addition 
require a change of relationship between the arches. 

In Division I of Class II, to which we will first direct our attention, 
the upper anterior teeth protrude and therefore our efforts in treat- 
ment must be directed to the relief of this condition along with the 
other problems which characterize this distinctive and frequently 
occurring type of malocclusion. 

In "A" of both Figs. 172 and 173 are shown a typical case coming 
under this classification. Requirements of treatment are quite 
well-defined, the changes essential being a forward movement of the 
lower arch, the lingual movement of the upper incisors with a slight 
expansion of the upper arch in the region of the molars, premolars 
and cuspids. These changes were brought about as shown in "B" 
of both Figs. 172 and 173 through the use of labial arch wires used 
in conjunction with intermaxillary force. The appliances were 
adjusted as described in "L'' of Chapter XVIII and intermaxillary 
elastics applied, these being attached on the lower arch to the distal 
ends of the buccal tubings on the anchor bands and on the upper 
arch wire to hooks soldered in the region of the cuspids. The 
adjusting nuts on the upper arch wire were turned forward to allow 
it to slide distally through the buccal tubings thereby bringing the 
pressure of the arch wire in contact with the upper incisors. When 
these w^ere moved lingually the required distance, the adjusting nuts 
were turned down against the buccal tubings so that pressure from 
the intermaxillary elastics would operate equally between both 



TREATMENT OF CLASS II CASES 251 

arches. In due time this brought about the changes required. 
Figs. 77 and 78 show the deforming effect of this type of malocclusion 
and also show the benefits derived through treatment. 
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Fia. 172. — A, relations of the teeth and arches before treatment; B, after treatment. 

In "A" of both Figs. 174 and 175 we have a similar case although 
it has not been allowed to progress as far as the one previously shown. 
In its treatment, a removable lingual arch was placed upon the lower 
teeth while upon the upper a plain arch wire was used, in addition 
to which bands were placed upon the upper central incisors to effect 
their rotation and stabilize the position of the arch wire. Inter- 
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maxillary force was applied and the centrals were moved slightly 
lingually by allowing the arch wire to slip distally through the 
buccal tubings on the molars. During their lingual movement, 
the centrals were rotated by the aid of ligatures applied from spurs 
soldered to the incisor bands on their disto-Ungual surfaces near the 
gingival margin and tied about the arch wire. When these teeth 
had been carried lingually the required distance and rotated, stops 
were soldered to the labial arch wire to prevent any further distal 
movement through the buccal tubes and intermaxillary force waa 




Fia. 173.—^, occlusal 



B, after treatfa^t>> 



continued until the desired change in the mesio-distal relationship 
of the arches had been accomplished {see "B" of Figs. 174 and 175). 
In the treatment of cases belonging to the sub-division of Class 
II, Division I, an illustration of which is shown in "A" of Fig. 176, 
the requirements of treatment differ only from those already 
described in connection with the full division in that the relationship 
of the arches need be changed on one side only. In this particular 
case, labial arch wires were applied to both the upper and lower 
arches. In the lower arch the six anterior teeth were firmly ligated 



TREATMENT OF CLASS II CASES 253 

to the arch and a firm anchorage secured for the application of inter- 
maxillary force. A labial arch wire was adjusted to the upper teeth 
being so shaped that it could slide distally through the buccal tub- 
ings on the upper anchor teeth and come in contact with the upper 






FiQ. 174. — A, relations of the teeth aod OFches before treBtmeat* B, e 

incisors. Intermaxillary' elastics were then applied in the usual 
manner and force applied to the upper incisors only. When these 
had been tipped lingually the desired distance, the intermaxillary 
elastics were discontinued on the normal side and applied only on 
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the side having a distal occlusion. During the progress of treatment, 
the occlusal plane was altered by depressing the incisors and cuspids 
and elevating the molars by using the arch wire as described in 
"N" of Chapter XVIII. In "B" of Figs. 176 and 177 are shown the 
occlusion eventually obtained and Fig. 178 shows the improvement 
brought about in the physiognomy. 

Treatment of Class n, Division 11 Cases. —The treatment of cases 
coming under this classification has many points of similarity to 
those belonging to Division I of Class II, the chief difference being 
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Fio. 175. — A, occlusal view of the arehcs before t: 



the changes indicated in connection with the upper incisors. Individ- 
uals possessing this type of deformity are usually normal breathers 
and consequently the upper incisors are subjected to normal lip 
pressure which owing to the distal position of the lower arch allows 
their crowding and over-lapping in a lingual direction, the centrab 
usually being displaced to the greatest degree. It becomes neces- 
sary therefore to move the upper central incisors forward to a proper 
inclination and in order to do this some slight widening of the upper 
arch is usually necessarj- in the region of the cuspids. In "A" of 
Fig. 179 is shown a typical case of this kind the lower arch being 
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bilaterally distal and the upper anterior teeth being bunched and 
over-lapping. In its treatment, a labial arch wire was first applied 
to the upper teeth and the central incisors firmly ligated to it. By 
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FiQ. 176. — A. relations of the teeth and arches before treatment; B, after treatment. 

tightening the adjusting nuts at regular intervals these were carried 
forward the proper distance. During this movement the cuspids 
and premolars were ligated to the arch and moved shghtly buccally. 
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the arch wire having been previously shaped to allow for this change. 
A removable lingual arch wire was adapted to the lower teeth being 
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Fig. 177. A, occlusal plane of the lower teeth before treatment; B. after 




attached to molar bands as described in "M" of Chapter XVIII. 
Intermaxillary force was then applied and continued for several 
months. As the result of this influence, the changed relationship 
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of the arches shown in "B" of Fig. 179 was brought about. The 
excessive over-bite was overcome by utilizing the spring of the arch 
wires as described in "N" of Chapter XVIIT. 




Fio. 179. — A, relations of the teeth and arches before treatment; B. after 



In "A" of Fig, 180 is shown a case belonging to the subdivision 
of this Class where the change indicated was a slight enlargement 
of both arches particularly in their anterior portions and a mesial 
movement of the lower arch on the left side. This was brought 
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about through the use of labial arch wires after which intermaxillary 
force was applied on the left side and the required change of relation- 
ship accomplished as shown in "B" of the same illustration. 




Fia. 180.— j4, relations of the teeth and archea before treatmeiit; B, aft«r treatmcnl. 



CHAPTER XXI. 
TREATMENT OF CLASS III CASES. 

As the distinguishing characteristic of these cases is a mesial 
occlusion of the lower teeth either bilaterally or unilaterally, one 
of the most important changes to be brought about by treatment 
is the establishment of the arches in their normal mesio-distal 
relationship. In fact, in some cases coming under this classification, 
practically the only change needed is that of relationship, the form 
of the arches being quite normal in character. However, this 
condition is by no means so common that it can be regarded typical 
of this class of malocclusion. In fact. Class III cases very fre- 
quently present problems similar to those encountered in Class I, 
and in addition require a change of relatio7iship between the arches. 

In "A'' of Fig. 181 is shown a case where the lower arch is bi- 
laterally mesial the full width of a premolar but otherwise the arches 
are free of serious complications. In its treatment, a lingual arch 
wire was placed upon the upper teeth and a plain labial arch wire 
was adjusted to the lower teeth. Intermaxillary elastics were 
applied, hooks being provided for their attachment on the buccal 
surfaces of the upper molar bands and upon the lower arch wire in 
the region of the cuspid teeth. As the result of the force exerted 
by the elastics, the lower labial arch wire was moved distally through 
the buccal tubes supporting it, thereby applying pressure to the 
lower incisors and cuspids causing them to move lingually until the 
slight spaces existing were closed up. Stops were then placed on 
the lower arch wire to prevent its further distal movement through 
the buccal tubings, and bands were provided for the cuspid teeth 
carrying open tubings on their labial surfaces to engage the arch 
wire and thereby render it more stable and less liable to displacement. 
Intermaxillary elastics were continued with the appliances adjusted 
in this manner and after several months of consistent application, 
the occlusal relations of the teeth as shown in *'B'' of Fig. 181 were 
established. When this point was reached, the intermaxillary 
elastics were discontinued in the daytime and worn only at night, 
being discarded entirely at the end of six months. 

In *'A" of Fig. 182 is shown a case similar in principle, that is, 
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where the malocclusion is akoost entirely limited to a malrelation- 
ship of the arches. This case differs in that the deciduous teeth 
only were present. In its treatment, labial arch wires were used on 
both the upper and the lower teeth and intermaxillary elastics 






Fig. 181. — A, reltttions of the teeth aod arches before treatment; B, after tteatment. 

applied in the usual way. At the end of three months the changes 
indicated in "B" of Fig. 182 were brought about. Soon after 
establishing the deciduous teeth in their normal relations, the 
upper and lower first permanent molars erupted and due to the 
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influence of their cuspal relations, aided greatly in maintaining the 
normal mesio-distal relations of the arches. 




Fio. 182.— A, relations of the teeth and arches before treatment; B, after treatment. 



In "A" of Fig. 183 is shown a rather typical case of Class III 
which in addition to having a bilateral mesial relationship of the 
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lower arch, is characterized by a decided arrestment of development 
of the upper arch. In its treatment, the author's efforts were first 




Fig. IS'S.—A, relations of the teeth and arches before 



directed toward the development of each arch to its normal aze, 
this being accomplished by the use of labial arch wires after which 



TREATMENT Of CLASS III CASES 263 

intermaxillary elastics were applied to establish the arches in their 
nonnal mesio-distal relations. In "B" of Fig. 183 is shown the 
corrected occlusion as well as the extent of the developmental 
changes necessary in the upper arch. 




FlQ. 184. — A, relatioDsof the teetb and archea before treatmeot; B, after 



In "A" of both Figs 184 and 185 is shown a complicated case of 
Class III. In addition to the lower arch being bilaterally mesial 
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to normal, both arches are arrested in development, the upper arch 
being affected to a far greater extent than the lower. In its treat- 
ment, a labial arch wire was first applied to the upper arch and the 
molars, premolars and cuspids were moved buccally until they 
harmonized in occlusion with the lower teeth. A labial arch wire 
was then applied to the lower teeth and the buccal movement of 
both the upper and lower premolars and cuspids was continued. 
The upper incisors were then moved labially, the laterals being first 
mo\'ed out into correct alignment with the centrals after which all 




of tbe arobes before treatment; B. after tt 



four were carried labially to the point indicated to correct the form 
of the upper arch. Intermaxillary elastics were then applied and 
the changed relationship shown in "B" of both Figs 184 and 185 
was accomplished after several months of their consistent applica- 
tion. After the desired relationship had been established, the inters 
maxillary elastics were worn at night only. 

In 'A" of Fig. 186 is shown a case coming under the subdi\ision 
of Class III. In its treatment the changes chiefly indicated are the 
establishment of normal areh form in the upper and a changing of 
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the relationship of the arches on the right side. A labial arch wire 
was placed upon the upper teeth first and all the upper incisors 
were moved forward and shifted slightly to the left. The movement 




Fio. 186. ^A, relotions o( the teeth and arches before 



of the teeth in this manner created sufficient space for the upper 
right cuspid which then readily dropped down into place. During 
the movement of the upper teeth the anchorage supplied by the 
upper first permanent molars was reinforced by the use of inter- 
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maxil1ar>' elastics. With the completion of the movement of the 
incisors however, this force was discontinued on the left side but 
continued on the right side where it was utilized to establish the 




Fio. 187. — A, relBtUmsof the teeth and archcH before treatment; B, alter treatment. 

molars in their correct mesio-distal relationship. The occlusion 

finally established is shown in "B" of Fig. 180. 

Another case of this character is shown in " A" of Fig. 187 where 
■ lower arch is mesial to normal only on the left side although 
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showing a tendency to assume a similar relationship on the other 
side. Labial arch wires were applied, the first effort being directed 
toward correcting the form of the upper arch. The upper cuspids 
were moved buccally and the upper centrals and laterals were 
moved labially after which intermaxillary force was applied on the 
left side to change the relationship of the molars and premolars. 
The lower arch in the region of the first premolars and cuspids was 
widened to provide for the proper alignment of the lower incisors. 

With the establishment of the teeth in their correct occlusion as 
shown in ''B'' of Fig. 187 the labial arch wires were removed and 
lingual arches were placed upon both the upper and lower teeth. 
To provide for the wearing of intermaxillary elastics on the left side, 
bands were fitted to each lower cuspid tooth and these were joined 
by fine wire (0.026 of an inch in diameter) which was made to engage 
the labial surfaces of the lower incisors near the gingival margin. 
A hook was soldered on the buccal surface of the left lower cuspid 
band and a hook was also provided on the upper molar band for the 
attachment of an intermaxillary elastic which was worn at night 
only for a period of several months after which it was discarded. 

One complication frequently encountered in Class III cases is an 
abnormally large tongue. When such a complication is present, 
the orthodontist should be cautious in promising too much in the 
way of permanent results. In such cases our greatest hope lies in 
moving the upper teeth mesially rather than attempting to move the 
lower teeth distally as the pressure of the abnormally large tongue 
will eventually cause them to move forw^ard again to a point where 
they will be free from its influence. 



CHAPTER XXII. 

TREATMENT OF CASES WHERE ONE OR MORE OF 
THE PERMANENT TEETH ARE ABSENT. 

Thus far in describing the requirements of treatment, only those 
cases possessing the full complement of teeth have been considered. 
Too much emphasis cannot be given the fact that the best results 
from an orthodontic standpoint are possible only when all of the 
teeth are present. Even the most superficial study of occlusion 
will reveal the truth of such a statement. Unfortunately for all 
concerned this state of dentition is not always present in the mouths 
of those applying to the orthodontist for help and we are therefore 
obliged to determine the best means of handling those cases com- 
plicated by the absence of one or more of the permanent teeth. 

From a theoretical standpoint it would seem the part of wisdom 
to provide the necessary space for any absent teeth by moving the 
other teeth into their correct relations and then replace the absent 
teeth by artificial means. Undoubtedly under some conditions this 
plan is advisable. A review of the literature of a few years ago will 
reveal the fact that some of our best thinkers on orthodontia con- 
sidered this the correct "modus operandi" in all cases and as the 
result of such teaching, the idea was accepted generally. We 
probably would still be adhering to this principle, were it not for 
the fact that bridge-work even in its most perfect form is now re- 
garded as a thing to be utilized when necessary but by no means a 
thing to be sought after or planned for especially in the mouths of 
young children. There is therefore at the present time a decided 
tendency on the part of independent-thinking orthodontists to break 
away from this generally accepted and rather dogmatic idea of 
replacing all absent teeth by artificial means or at least to modify or 
temper their procedure in such cases. 

The impression seems to be prevalent among dentists that it is 
easier to close up spaces created by absent teeth than it is to open up 
the spaces in preparation for bridges and frequently the motives of 
the orthodontist who advocates the first-named method are mis- 
understood. As a matter of fact, in Tnany instances it is far easier 
from an orthodontic standpoint to open up spaces than it is to close 
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them and make the other occlusal changes necessary y which fact is 
easily verified by any orthodontist of experience. Therefore if this 
method is chosen, it frequently necessitates more laborious and 
painstaking effort on the part of the operator and by no means should 
be considered in the light of a labor-saving expedient. 

When confronted with the necessity of deciding whether the best 
interests of the patjent will be served by replacing the absent teeth 
by artificial means or by moving the other teeth in a manner to 
compensate at least partially for the missing teeth, our decision 
should be based upon several factors such as the age of the patient, 
the number and character of the teeth absent and the end-results 
judged from a physiological, occlusal and esthetic standpoint. 

In the first place, we must admit that any sort of compromise 
treatment cannot give the perfect occlusal results which are possible 
where the full complement of teeth are present. On the other hand, 
we have to admit with equal candor that the placing of bridge- 
work or other artificial substitutes in the mouths of young and grow- 
ing children is frequently accompanied with disadvantages which 
are perhaps more serious than those which might accrue from an 
occlusion established with one or more teeth absent. In either 
event, we are called upon to make the best of conditions not of our 
own making and must strive to select the lesser of two evils. There- 
fore whenever it is possible to establish an occlusion reasonably ful- 
filling the requirements of function {without unduly sacrificing esthetic 
considerations) by closing up spaces occasioned by the absence of teeth 
through the movement of such other teeth as may be necessary to com- 
pensate for the lost tooth substance, the author feels that this plan should 
be followed. 

In suggesting methods of procedure in those cases most fre- 
quently encountered, it is presupposed that the patients are of proper 
orthodontic age for if we were considering adult cases, our plan of 
treatment might be considerably modified. 

The permanent teeth most frequently absent are the lower second 
premolars and the upper lateral incisors and for that reason we will 
first direct our attention to the manner of handling complications 
resultant upon the absence of these teeth. In the event of the 
absence of the second premolars, it is advisable to move the lower 
molars mesially making them occupy all the space which would 
have been occupied by the second premolars. Upon the eruption 
of the third molars, the loss of tooth substance in the lower arch is 
in a way compensated for although under these conditions the 
occlusal relations of the lower molars and the teeth opposing them 
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are not normal. They will however, serve the purpose of function 
reasonably well and in the author's opinion such an arrangement 






Fiu. 188, — A, before treatment [caee complicated by the congenital abaence of 
the lower second premolars) ; B, after treatment (the lower Erst molars were moved 
mesially into the space previously occupied by the deciduous second molars as 
shown by the arrows; the lower second molars assumed the positions shown without 
assistance) . 

offers decided advantages over that to be gained by the use of 
bridges. In Fig. 188 is shown a case where the author has carried 
out this plan of treatment. 
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Where the upper permanent lateral incisors are absent, the 
permanent cuspids may be moved mesially and in contact with the 
centrals and the upper premolars and molars moved into a mesial 
occlusion (Fig. 189). By trimming the canines they may very 
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Fic 189. — An instaoce where the upper permanent laterala were congeaitolly 
abeeat and the teeth assumed the relationship shown without asGistonce. (After 
B. Frank Gray.) 

frequently be made to simulate lateral incisors or if this does not 
satisfy the esthetic requirements, they may be trimmed down and 
supplied with porcelain jacket crowns. Some operators prefer to 
retain the deciduous cuspids and make them serve the purpose of 
lateral incisors, which plan may be followed with satisfactory 
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rcsiilts pro\'i<liiiK tlie roots <lo not absorb. Therefore, before any 
tletinite plan is made to utilize tliese teeth, either in their natural 
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Fio. 190. — .1, case bpf ore treatment (owing to pathological complicaliona, the lower 
right first permanent molar had to be removed): B, treatment incomplete (the 
lower second molar is bcinR moved meaiaily to compenaate for the loea of the first 
molar) . 

state or as a foundation for jacket crowns, roentgenograms should 
be made to determine definitely whether or not the roots are intact 
or show evidenc'e of beginning absorption. 
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If an upper central incisor is absent, this loss cannot be com- 
pensated for either oeclusally or esthetieally by any other means 
except by an artificial substitute. The same principle would apply 
to the lower central incisors. 




Where one or both of the lower laterals are absent, the lower 
cuspid on the side of the loss may be moved mesially into the space 
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anfl the ottier lower teeth pcwterior to the cuspid shifted mesially 
thf iliHtAiKe ncceKsary to compensate for the absent lateral, although 




Fio. lf)3.— .4. bpFATV trcatTiH^t ((«sp rainplicit«d l^ die loss o( dte unicr fint 



bridpo-woTk in this location is doubtless less objectionable iJian it 
WuM ix* in si^l^ing ma^dllaiTi' laterals. 
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If one or more first permanent molars have been lost and if a 
roentgenograpkic examination reveah the presence ofthetkirdmolars, the 




Fig. 193. — A, case complicated by the congenitBl absence of t! 
incisors and the right upper second premolar; B, after treatment 
been created for the lateral inciaora and artificial subatitutea have b 
The right upper molarH have been moved meaially to avoid bridging ir 
premolar). 
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second molar should be moved forward to replace the first molar 
thereby making provision for the third molars to erupt into the 
space previously occupied by the second molars (see Fig. 190). 
The upper third molars will frequently do this without complication 
and will need little or no attention at the time of their eruption. 
However, such will usually not be the case with the lower third 
molars which are liable to tip forward during eruption which will 
necessitate their being tilted into a correct occlusal relationship 
later. 

In the event of the absence of two adjacent teeth such as a first 
molar and second premolar, it is not advisable to attempt to close 
the entire space. Under such conditions if the third molar is present 
in the jaw, the second molar may be moved forward to occupy the 
space previously occupied by the first molar and then the second 
premolar may be substituted by artificial means, or since bridge- 
work is necessary in any event it may be w^ell in some cases to have 
the prosthetist supply both missing teeth. 

If the premolars are absent and the loss is equally distributed in 
the arches, that is, one being absent on each side either above or 
below, the spaces should be closed by moving the molars forward 
as shown in Figs. 191 and 192. In the event three premolars are 
absent, as for instance, one from each side of the lower arch and 
one from the upper arch, the extraction of an additional premolar 
should be considered so as to balance the tooth substance in the 
opposing arches and the spaces should be closed up. Exceptions 
to this procedure should of course be made in those cases where the 
reduction of the dental arches to this extent would prove a serious 
disfigurement to the facial balance. 

In treating these cases, it makes little difference whether the teeth 
are congenitally absent or w^hether they have been lost through 
accident or disease. Probably the necessity for the procedures as 
described above is created more frequently through the congenital 
absence of teeth than from other causes. The number absent 
from this cause varies greatly but fortunately in the vast majority 
of cases will not be in excess of two or three. In an exceptional 
case coming under the writer's care, eighteen of the permanent teeth 
were congenitally absent. In treating this case, the teeth present 
were moved to advantageous positions for the support of removable 
bridges and these substitutes were later inserted. 

In those cases complicated by the absence of more than one tooth 
from each side of the arch it is not advisable to attempt to close up 
the spaces and under these conditions, artificial substitutes should 
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be employed after establishing the remaining teeth in their normal 
relations (Fig. 193). 

The questions discussed above are matters on which there is a 
decided difference of opinion so that before deciding definitely upon 
a method of procedure, all circumstances of the case should be 
carefully weighed and its future status judged from a physiological, 
occlusal and esthetic standpoint bearing ever in mind the patient's 
welfare. 



CHAPTER XXIII. 
POST-TREATMENT REQUISITES. 

WiiFA^ active treatment measures have been carried to the 
point where the teeth and arches are estabhshed in their normal 
relations, it is usually necessary to give these structures a certain 
amount of mechanical support to safeguard them against retro- 
gressive changes. The mechanisms used for this purpose are known 
as "retaining appliances" and the period through which they must 
be worn is usually designated as ''the period of retention." 

The importance of this phase of orthodontic treatment cannot be 
over estimated for unless the newly developed structures and 
recently created changes are adequately safeguarded, partial or 
complete failure will almost invariably ensue. Such a statement, 
however, should not be construed as implying that the problems of 
this period are purely mechanical for such is far from the truth for 
other factors of equal importance have a bearing upon the final 
outcome. In discussing these requisites, we will first mention those 
natural forces or factors which are essential to the maintenance of 
the normal relations of the teeth and their related structures and 
later consider the various mechanisms used to assist these factors 
during the period when they are becoming established and har- 
monized. 

It is a self-evident fact that the teeth will remain in their normal 
relations only when they are in harmony with all the forces or influences 
to which they are subjected. These forces are both mechanical and 
physiological and their interdependence is so closely allied that 
they can only be separated for purposes of description. 

When the full functioning power of the teeth is restored, i. e.y 
when normal occlusion has been established, the first and perhaps 
the most important step toward the permanent maintenance of 
this desired end has been accomplished, for the teeth in themselves 
through the inclined planes of their cusps offer material aid in their 
retention both singly and collectively. This is not only true when 
viewed from a purely mechanical aspect but equally so when con- 
sidered from a developmental standpoint. Function and growth 
go hand in hand and the stimuli imparted to the underlying and 
adjacent structures through the occluding teeth must under reason- 
ably normal conditions result in supplementary growth of the parts 
so influenced. 
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In considering the normal functional relations of the teeth, we 
must not fall into the error of attributing to them the specific 
function of mastication only, for without depreciating the import- 
ance of this act, we know they must enter with equal importance 
into other functions such as speech, expression, swallowing, respira- 
tion, etc., therefore they are subject to all the forces incident to these 
acts. This necessitates a thorough and painstaking study of these 
factors as they are seen in the patient with the end in view of deter- 
mining definitely their status. If abnormal muscular habits are 
present, or if there is a lack of normal muscular tone due to disuse, 
such obstacles must be overcome, for regardless of the potency of 
the inclined planes in holding the teeth, they are no match for these 
forces if they are continued indefinitely. Therefore, it frequently 
becomes necessary to enlist the patient's cooperation in retraining 
and developing those groups of muscles which are deficient either 
in tone or action. This, of course, does not apply to all cases but 
the orthodontist who takes the trouble to carefully study his cases 
will find the need of such procedures more frequently than is 
ordinarily realized. 

Perhaps nowhere is this more apparent than in those cases where 
mouth breathing has either been a habit or a necessity. Even after 
the most skillful rhinological attention many of these fail to develop 
the habit of normal respiration due to the fact that the muscles 
having to do with normal lip function or the muscles controlling the 
position of the mandible are improperly developed or uncontrolled 
by the patient. 

We must bear in mind that ''muscles tend to remain in the posi- 
tions where they do their hardest work'' and therefore it behooves 
us in many instances to teach the patients first of all, the manner 
in which the muscles must be used and second, utilize methods of 
muscle culture whereby uncontrolled and under-developed muscles 
may be brought under control and developed to their full degree of 
function. Valuable information as to the methods whereby these 
results may be accomplished are available to the student in the 
essays of Dr. Alfred P. Rogers whose researches in this field have 
attracted such universal approval during the past few years. In 
the brief transcript of his ideas which follow, it is hoped the interest 
of the student will be enlisted sulBSciently so that this investigator's 
contributions will be covered in detail."^ 

He calls attention to the fact that the muscular tissues of the face, 
having once acquired the habit of bad behavior, do not readily 
assume the normal and therefore some form of training is necessary 

* The Proc. of the American Soo. of Ortho., 1918; The Dental Cosmos, No. 10, 
vol. Ix. 
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if they are to function harmoniously with the teeth and other 
adjacent tissues. That this muscle culture or muscle training must 
be adapted to the special requirements of the individual affected 
will be apparent to anyone giving the subject serious consideration 
for deficiencies in this line vary with different individuals. 

A careful study of the various muscle groups is necessary to 
appreciate their intricate adjustment and the part they must take 
if harmony of action between the various groups is accomplished. 
The value of this knowledge is of particular importance in those 
cases where the development of these tissues has proceeded through 
any considerable period with the teeth and arches occupying posi- 
tions at variance with the normal. 

Assuming that normal muscular action is essential to the main- 
tenance of normal occlusion, the necessity of teaching the patient 
to properly use and control the muscles through conscious effort is 
essential. Such measures should be undertaken carefully and only 
after fully explaining their necessity as well as the probable results 
in the event of failure on the part of the patient to cooperate to the 
needed degree. 

''Muscle Training an Adjunct to Mechanical Treatment.— This 
muscular work, of course, must go along hand in hand with the 
mechanical treatment of the case, and no undue muscular pressure 
must be allowed until the patient has learned to place the arches 
in their proper relation, which function is taught them after the 
major interferences have been removed. . . . 

'^Application of Principles.— The principles of procedure are 
therefore: First, the mechanical reestablishment of arch form and 
cusp relation by the simplest mechanical means, thus removing any 
interference which tends to discourage the normal functions of the 
muscles. Second, the principle of muscular balance and mechanical 
advantage in the complete organism, including special guidance and 
control of those muscles concerned in the particidar weakness upon 
which our attention is to be directed, urging them on to their normal 
development and strength until the harmoniously developed face com- 
pletes the restoration of the organism to its full normal inheritance.^^ 

As already alluded to, the need for the application of these 
principles is frequently found among those cases previously belong- 
ing to Class II, where the factors of disuse and perverted muscular 
action have been in force. The frequent recurrence of such cases 
even after careful mechanical retention has been carried out, bears 
abundant testimony of this fact. 

Among the groups of muscles which must claim our attention, the 
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external and internal pteiygoids are of prime importance for they 
control to a large degree the movements of the mandible. After 
the mandible has once become established in a distal occlusion these 
muscles adapt themselves to the changed relationship and soon 
form the habit of maintaining it. They must therefore be retrained 
so that they may become readapted to the normal as soon as 
obstructing mechanical interference has been removed through the 
use of appliances so that the normal occlusal position of the arches 
is possible. 

" Training and Developing the Pterygoids.— The patient requiring 
this form of exercise is instructed to throw the mandible forward 
as far as possible, or until the lower anterior teeth are placed in 
labial occlusion to the uppers, and held there for ten or more seconds 
and then slightly relaxed. The effort is then repeated as many 
times as the nature of the case requires. In some cases this will at 
first be found impossible, but after practice, the work becomes easy. 
Very little of this exercise is sufficient in the case of some, while in 
others it is almost impossible to overdo it.^ 

^^ Exercise for the Temporal and Masseter Muscles.— After the 
ability to place the teeth in proper relation has been acquired, 
another exercise is added— that of the temporal and masseter 
muscles. This exercise consists of holding the teeth firmly in occlu- 
sion and alternately contracting and relaxing these groups of 
muscles. In many cases it will be found that the ability to contract 
these muscles is very slight indeed, but after a few months' practice, 
the operator is gratified to find greatly increased tone and improved 
control, as is shown by the ability to contract and relax. All efforts 
must be made with great concentration, and must be complete in 
their relaxation and their contraction. The ability to completely 
relax these muscles between each impulse is important to secure as 
muscles exercised in this manner, for physiological reasons, grow 
stronger much more quickly. 

'^ The Development of the Orbicularis Oris and the Muscles Related 
to t^.— The group of muscles contiguous to the lips consist of the 
levator labii, depressor labii, zygomaticus, orbicularis oris and 
platysma myoides. The names of some of these muscles indicate 
their function. If they lack tone, or are not under control of the 
nervous system, they are the muscles which are most apt to place 
perplexing problems before the orthodontist. Most of these mus- 

^ In the use of exercises for muscle training and development, the patients should 
be instructed to use these exercises at definite times as for instance, morning and 
evening. They should also be instructed in the amount and sequence of the different 
forms of exercises depending upon the needs imposed by conditions found in different 
patients. 
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cles are in some way attached to the orbicularis oris, and when we 
have a general lack of tone in all these muscles, there is sure to be a 
lack of balance between them and the inner forces, such as the 
tongue. There are numerous exercises which can be used for stimu- 
lation of this group, but it will be well for us to direct our atten- 
tion to the orbicularis oris. 

"Many, no doubt, have had difficulty in retaining the upper 
incisors in correct position. It is necessary, frequently, to apply 
retaining apparatus to effect this purpose, but if, in the mean- 
time, this muscle has not been strengthened, in case it originally 
lacked tone, upon the removal of the retaining apparatus the 
incisors again become protruded. There are instances in practice 
where better results can be obtained in cases of this character 
without any retaining apparatus at all. One valuable exercise for 
strengthening the orbicularis oris muscle consists in pitting the 
strength of the thumb and first finger, or two first fingers, against the 
contractile forces of this muscle. Care must be taken in the 
performance of this exercise not to stretch, but rather to contract 
the muscles around slightly separated fingers; thus ensues a contest 
of strength between the orbicularis oris and the muscles of the 
fingers.^ 

** Tonic Exercise for General Facial Development,— It is fre- 
quently found necessary to prescribe a tonic exercise, which might 
be termed the exercise for general facial development. This 
exercise influences not only the orbicularis oris, but also the buccina- 
tor and all the small ribbon muscles which enter into a combination 
with the orbicularis oris. It consists in the use of warm water at a 
temperature which is bearable to the mucous membrane of the 
mouth, and in which has been dissolved a small portion of bicar- 
bonate of soda. The patient is directed to take a sip of this solution, 
closing the teeth firmly in position, and with great energy forcing 
the liquid from the lingual cavity into the buccal. The exercise is 
usually done five times morning and night. The patient is directed 
to continue each exercise until the muscles are slightly fatigued. 

''The Importance of the Platysma Myoides,— The platysma 
myoides is one which is of great importance when considering the 
correction of faults in the facial muscular development. This 
muscle has no bony attachments but is inserted in the fascia and skin 
of the pectoral and deltoid muscles of the chest and upper shoulder 
at one end, and at its facial extremity is inserted by many fibers 

* Dr. Rogers has recently developed a mechanical device which better fulfils 
this purpose than the use of the fingers. 
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into the orbicularis oris and some of the other muscles upon or near 
their entrance into the same. It will then be seen that, if this 
muscle is contracted in its length by the bad posture of the patient, it 
has a tendency to stretch the weakened muscles of the face in directions 
which bring gentle but harmful pressure upon the fragile bony structure 
of the child's face. The exercise for this muscle consists in having 
the patient stand with feet together, hips slightly thrown back, 
directing the child to look straight to the zenith, at the same time 
drawing in the abdominal wall and turning the palms of the hands 
outward, making a slow and positive stretching motion with the 
tips of the fingers and the point of the chin. The child is then 
directed to relax somewhat, bring the head and arms to erect posi- 
tion, then repeating the impulse. This exercise is done at first a 
few times in the morning upon arising, and a few times before 
retiring, and is increased until the child is able to do it sixty to one 
hundred times a day. It is important in this exercise that the child 
is not allowed to curve the vertebrse so that the back represents 
much of a concavity. To avoid this, the child is directed, when 
drawing in the abdominal wall, to tighten, at the same time, the 
muscles of the buttocks. A slight forward movement of the body, 
bending slightly at the ankles, thus bringing the weight of the body 
slightly upon the balls of the feet enhances the position of mechanical 
advantage in this exercise." 

Gum-chewing not Scientific Muscle Training.— Dr. Rogers empha- 
sizes the fact that '* gum-chewing" so frequently prescribed by 
dentists as a means of muscle culture is essentially non-scientific 
and may be productive of much harm. Especially is this true where 
the inclined planes have assumed unnatural relations for the more 
they are used under such conditions, the more severe the mal- 
occlusion is apt to become, owing to the fact that they are in posi- 
tions of mechanical disadvantage. Even after the arches have been 
developed and the patient has acquired the ability to occlude the 
inclined planes normally, its merits are dubious. This is apparent 
when we realize that the act becomes a subconscious habit and 
thereby loses the value which comes from conscious control of the 
muscles which is essential if a harmonious unification of the develop- 
ing structures is to be realized. 

Importance of Normal Metabolism.— In addition to the factors thus 
far mentioned, we have still another which must be considered in 
some cases, viz.: metabolism. As important as is function in the 
role of growth and development, it cannot work single-handed and 
if the general metabolism is below par, satisfactory results will 
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frequently not be obtained. The fact that malnutrition is fre- 
quently present in children undergoing orthodontic treatment and 
that the condition is overlooked both by parents and orthodontist 
undoubtedly is responsible for many partial successes and numerous 
failures. It is hardly reasonable to expect the supporting structures 
of the teeth, to respond to the action of appliances unless their 
vitality is such as to respond readily to such stimuli. Therefore, 
where children exhibit the unmistakable evidence of malnutrition, 
the attention of the parents should be called to the fact that normal 
metabolism is essential to successful orthodontic treatment, and they 
should be urged to seek a competent "pediatrician" so that steps 
may immediately be initiated toward overcoming this obstacle. 
In following out this practice, the author has been gratified with the 
results obtained, especially where children have been placed under 
the care of competent medical men whose advice has been intelli- 
gently and faithfully carried out. 

Mechanical Phases of Retention.— The fact has already been 
emphasized that in the vast majority of cases, after teeth have been 
moved by orthodontic means, it is necessary to afford them mechani- 
cal support for an indeterminate period either by leaving in place 
the mechanism by which the movements have been accomplished 
or by substituting an appliance of simpler design which will hold 
them in their correct positions and at the same time, give them as 
much latitude as possible in the way of natural mobility under 
occlusal stress. This period of mechanical retention naturally 
varies greatly in length in different cases for we can only judge the 
necessity for such measures in a rather indefinite way particularly 
where extensive tooth movements have been accomplished. It is 
safe to assume however, that such mechanical support is essential 
until we have reason to feel that the newly moved teeth and modified 
arches have become harmonized in function with all the forces to 
which they are subject. 

The appliances used for this purpose must be designed to meet 
individual requirements which are governed by the character of 
changes which have been brought about in establishing the teeth in 
their normal relations. As such tooth movements or developmental 
modifications necessarily involve either a change of tooth position, 
of arch form, of arch relationship, or in the establishment of a correct 
overbite, the mechanisms used to aid in making these conditions 
permanent will be discussed under these headings. The applicabil- 
ity of these various principles varies in different cases, it sometimes 
being necessary to use them all as will be readily understood when we 
consider the multiform changes sometimes required in treatment. 
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In the selection of a retaining appliance, an efTort should be made 
to have it as simple as is consistent with efficiency and its design 
should be such as to interfere to the smallest possible degree with the 
proper cleansing of the teeth and care of the soft tissues of the 
mouth by the patient. Owing to the fact that such appliances 
must frequently be worn for long periods, this factor must be 
provided for or caries or other equally undesirable sequelae may 
result. 




Fig. 194. — Retaining appliance suitable for a tooth which has previously been in 

torso-occlusion. (After E. H. Angle.) 




Fig. 195. — The tendency of the tooth to move back to its original position is prevented 

by short labial spurs engaging the adjacent teeth. 





Fig. 196. — Bands with connecting wires used to retain small groups of teeth, 
dotted lines indicate the positions previously occupied by the teeth. 



The 



The Maintenance of Tooth Position.— Where individual teeth have 
been moved, the plain band with spurs or bands with connecting 
wires may be made to adequately fulfil the requirements of retention. 
In Fig. 194 is shown a lateral incisor which has been moved from a 
torso-occlusion and is being "antagonized only in the direction of 
its tendencies/' viz.: to move back into a torso-occlusion. The 
same principle is again illustrated in Fig. 195. In Fig. 196 is shown 
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p-(»ui»- of teetli wlifir^e retention is secured })y the use of jJain hands 
witli fdnuectini: ^vi^e^. In such cases, and in fact whenever 
jKissihle, tlje retaining ajjjJiance >l]c»uld l>e desipied s(» that the teeth 
will lie Ijeld in tijeir correct jK»siti<»ii> and at tl)e same time will be 
allfwed as niurh latitutic a- jK»>>il»le in the way (»f natural movement 
under ofvlu*%al stre--. Tlie a <^] vantages accruing from such an 
arraniremein will lie a]»T»arei:T t^ anyrine whf» api)reciates the 
relatioii^ii].) iM-tweeu fuijrii''»L aii«i ^level<»j»njent. 

The MaintezLance of Arch Form. — In tlie n-tentinn f»f cases where 
the fonii of t lie anlie- ha- l»een ni'i^lifi*^!. we are not only confronted 
with sinjilar rKjuircmeiit- t" th'M- already de>fTihe«l hut we must 
al>o j)rovjd^ ai:ain-t rcirocrr*— !■.■♦• ^hansre- wLi^-h if unchecked may 
in'xojve the whole niar;tJf'aT<»ry a]»]^a^atu^. 

In car>e> where the ar(he> have Keen enlarce*! laterally, \'iz.: where 
the cu^^pid.-. ]>remolar> and njolar> have l»ci^n moved huccally, the 
liiiinial arch j)rovirJe> an excellent mean^ f»f retention. See Figs. 
]].*.{ and ].'c\ In fact thi-^ mechanism may l>e u>e<^l to advantage even 
where niore complex chanpe> have heen efl'ecte<l by utilizing plain 
l)and> with .spur> or by usini: counecting wire> l)etween such bands. 

.Skeletf»n vulcanite ]>late may >ometimes W u>e<l as a suhstitute 
for the hngual arch in ca>e> where >imy»le ex]>an>i« »n ha> l)een brought 
about, although such appliances >hould only W ]>lacerl in the mouths 
(►f tho>e patients whose cf»r)j>eratinn can l>e dey>ended upc»n. The 
fact that they can be removed by the patient contraindicates their 
u.>.e by thf»>e who may be neghgent in wearing them. In spite of 
thi> di>advantage. such a retainer ha> advantage^ which make it 
desirable iii many ca>e>, viz.: it afford> amjJe ^upport to the teeth 
and arche> and at the ^ame time j>ermit> complete functioning 
between the ti^th and their inventing tissues. Furthermore, what 
ap7)ear> a> a disadvantage under some conditiun^ prove.- advantage- 
ous under proj>er cooperatic»n for the removal )le feature of the 
apj)liance makes possible the y)ractice <.>f thor(.»ugh prc»phylaxis by 
the patient. 

I)r. Hawley^ has greatly extended the usefulness of this appliance 
by adding a labial wire to engage the incisors and cuspids, with 
clasps to engage the first premolars and thereby aid in its retention 
in the mouth ( see Fig. 197 ) . This labial wire is anchored in the plate 
and passes to the labial on each side through the embrasure between 
the cuspid and first premolar where a loop is formed before the labial 
wire is carried about the incisors. The clasp may be soldered to the 

* Prcic. of the American Soc. of On ho., 191S-1919. 
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distal side of the loop and adapted against the premolar in close 
proximity to the gingival margin or it may have its attachment to 
the loop at a higher point and be brought down as shown in Fig. 
198 to engage the premolar. In either event, the clasp renders 




Fio. 197. — The Hawley retainer adapted to the upper teeth. 

the appliance less liable to displacement during enunciation as well 
as at other times. 

The portion of the wire anchored in the vulcanite as well as the 
loops and clasps should be 0,036 of an ingh in diameter (19 gauge) 
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while the portion passing to the labial of the incisors should pref- 
erably be flat wire 0.022 x 0.036, the wire in both instances being of 
gold-platinum alloy or such other combinations of metals as will 
insure strength and resiliency and yet permit delicate proportions. 




Fio. 198.— Clasp wire soldered at a higher point on the labial loop. 



Where such an appliance is used on the lower teeth, a hook is 
embedded in the vulcanite opposite the lower molar and extended 
over the margin of the tooth between the lingual cusps to pre\'ent 
the plate from being pressed down at the heels. Except for this 
feature the construction of the upper and lower retainers is similar 
(Fig. 200). 




Fig. 199.— The bicuspid olaap extended to include the second bicuapid in tascs 
where this tooth has previously been rotated. A close adaptation of the clasp 
will prevent the tooth from assumiiis its former position. 

This appliance will, as stated before, adequately fulfil the require- 
ments imposed in the maintenance of arch form and in many 
instances will control the tendencies of individual teeth (,incisors) 
to return to positions of rotation (or other positions of malocclusion) 
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due to the close adaptation of the vulcanite on the Ungual and the 
presence of the closely adapted wire on the labial. The absence of 
this feature (the retention of rotated teeth) has heretofore made 
removable retainers inadequate and only adapted to a few specific 
cases. In the case of round or peg-shaped teeth which naturally 
would be less susceptible to the mechanics described above, bands 
should be provided carrying flat vertical bars which will fit into a 
slot in the plate thereby insuring their control. While the necessity 
for using bands in combination with this retainer may occasionally 
arise, such instances will constitute a negligible minority. In fact, 
by controlling the influence of the labial wire by slightly closing the 
loops, a tooth which shows a tendency to become malaligried may be 
moved back into its proper place. 




FlO. 200.— The Hawlcy rf^lainpr adapCud to the lower tooth. The hooks pxti'iid- 
ing over the marBin of the mohirs bctwopn the lingual cuaps ]jrpvQiit the relaiiior 
from being pressed down at the huels. A lower bicuspid is shown carrying u hand 
with a flat vcrtieul bar Utting into a. slot in the retainer to prcveut its rotation. 

Where the inclination of the incisors has been changed during 
treatment, the relative positions of the crowns and roots may be 
controlled by establishing the labial wire at a different level than the 
point of bearing of the plate, viz.: if the roots are to be influenced 
to move forward, the labial wire is placed at a lower level incisally 
than the bearing of the plate or by modifying this relationship, the 
influence desired may be obtained. 

- In controlling the over-bite, a factor all too frequently neglected in 
retention, the portion of the upper plate Just lingual to the upper 
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incisors may be built to the proper thickness, forming a flat or 
slightly inclined (toward the teeth) shelf thereby adequately and 
efficiently providing for this requisite. 

In emphasizing the valuable features of the Hawley retainer, the 
author has done so with the full realization that it is by no means 
indicated in all cases where the maintenance of arch form is the object 
in view. In mixed dentitions, where deciduous teeth are still present 
and permanent teeth are in the })r()cess of eruption, it would hardly 
be applicable, or with those patients who are lacking in the degree 
of responsibility necessary to insure its consistent use, it is best to 
resort to the lingual arch, or such other mechanisms as will fulfil 
the necessary requirements. However, there are numerous in- 
stances in the practice of every orthodontist where it may be used 
to the advantage of all concerned. 

Construction of the Hawley Retainer.— In the construction of this 
appliance, the wire framework is first fitted to the model which 
should be made preferably of artificial stone. The wire ends to be 
imbedded in the vulcanite are curved at their extremities to form 
loops and thereby insure their secure retention in the vulcanite. 
The labial wire is accurately festooned to fit the labial surfaces of the 
teeth and is established against the crowns at the level required. 
The clasps are adapted near the gingival line being convex in form 
and being passive when in position although having slight tension 
when passed over the bulge of the premolar. All soldered unions 
are made with 18-karat solder and the necessary bending and adapta- 
tions are made by hand with suitable bending pliers. Upon the 
completion of the framework, the necessary waxing of the plate is 
carried out in a manner to avoid any surplus and the plate is vul- 
canized between two sheets of Xo. 60 tin foil. The portion of the 
plate coming in contact with the premolars and molars should be 
thin so that it may be made to spring over their convex surfaces and 
thereby be aided in remaining in position. A rug-a-pack may be 
used to advantage to reproduce the natural rugse of the mouth and 
materially add to the comfort of the appliance. This retainer may 
also be made of gold or other metal if thought desirable, the same 
principles being applied whatever the material. 

The Maintenance of Arch Relation.— One of the most essential 
factors in maintaining the arches in their normal mesio-distal 
relationship is gained through harmonizing their size and the 
relations of the opposing inclined planes so that the normal occlusal 
position of the arches is the only comfortable one for the patient. 
This means that we cannot consider such cases (i. e,, those belonging 
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to Class II or Class III) ready for retaining appliances until this 
status of the occlusion has been attained. In some cases therefore 
where .the relations of the arches has been changed by treatment, 
the requirements of retention are not dissimilar to those previously 
described under *'the maintenance of arch form/' Such cases, 
however, should be kept under close observation and if a tendency 
to assume the old relationship becomes apparent, light intermaxillary 
elastics should be worn at night as an auxiliary to the occlusal 
forces. 




Fig. 201. — A labial arch wire on the upper teeth, in conjunction with a lingual 
arch wire on the lower teeth with provision for the use of intermaxillary elastics in 
the retention of cases previously belonging to Class II. 



If this expedient arises, some provision must be made for the 
application of the elastics in a manner similar to their use during 
active treatment. If the case has previously belonged to Class II, 
a lingual arch wire may be used for the retention of the lower teeth 
with hooks soldered to the buccal surfaces of the lower molar bands 
near the gingival margin, as shown in Fig. 151. A plain labial arch 
wire may be used on the upper arch either alone or in combination 
with a lingual arch wire and hooks may be soldered in the region of 
the upper cuspids as shown in Fig. 201 ; or in some instances the 
labial arch wire may be made removable in character and worn 
only at night. If this type of appliance is considered, it should 
only be applied in the mouths of those patients whose intelligent 
cooperation may be depended upon. 

The use of intermaxillary elastics in such cases is far preferable 
to the method once in vogue (and sometimes still used) of applying 
antagonizing spurs as shown in Figs. 202 and 203 which imposes too 
great a strain upon the anchor teeth, frequently displacing them. 
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In the retention of cases previously belonging to Class III, the 
manner of adapting the retaining appliance is reversed from that 
described in connection with Class II, and the elastics are likewise 
reversed, as shown in Fig. 204. 





Fig. 202 Fig. 203 

Figs. 202 and 203. — Antagonizing spur retainers. (After E. H. Angle.) 

Where cases previously belonging to the subdivision of Class II 
or Class III are under retention, the intermaxillary elastics should 
be applied only on the side where the mesio-distal relationship has 
been changed. 




Fig. 204. — Labial arch wire on the lower teeth in conjunction with a lingual arch 
wire on the upper teeth with provisions for the use of intermaxillary elastics, in the 
retention of cases previously belonging to Class III. 

The Establishment of a Correct Over-bite.— The necessity for 
establishing a correct over-bite has already been mentioned and its 
importance emphasized. The consequences resultant upon im- 
properly caring for this factor of occlusion is realized by every 
orthodontist of experience and will soon become manifest to those 
who disregard it in either treatment or retention. As many cases of 
Class II are characterized by a lack of vertical development in the 
molar and premolar region, with an accompanying supra-occlusion 
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of the incisors, these abnormalities must be overcome before the 
masticatory apparatus will have the degree of balance necessary to 
sustain it in function. 

The proper use of appliances during the period of active treatment 
particularly in those cases where these measures are carried out in 
early childhood will in many cases accomplish the desired end, but 
in many others the condition shows a degree of persistence which 
frequently necessitates long and sustained effort on the part of the 
operator before satisfactory results are accomplished. 

In establishing the proper degree of incisal overlap some form of 
'*bite plane" may sometimes be employed to advantage. Such an 
appliance naturally deprives the molars and premolars of any excess 
of occlusal stress allowing them to become established in their correct 
vertical relations and at the same time has a tendency to depress the 
incisors. In some instances it may be necessary to deprive them 
(the molars and premolars) temporarily of any occlusion and thereby 
allow for their elevation to positions where a correct occlusal plane 
will be established. Sometimes this process may be hastened by the 
use of intermaxillary elastics or by the use of auxiliary springs the 
principles of which are shown in Figs. 156, 157 and 205. 

While such measures are usually employed during the period 
of active treatment, it sometimes becomes necessary to resort to 
them at least in some degree after the teeth and arches have been 
established in their normal relations as a safeguard against retro- 
gressive changes. 

In those cases where the Hawley retainer is applicable, the over- 
bite may be adequately controlled by providing a shelf or slightly 
inclined plane (of vulcanite) on the lingual aspect of the upper 
incisors. When this appliance is not indicated, a metal plane or 
skeleton wire plane may be attached to the upper lingual arch and 
be made to serve the purpose, or if necessary, two or more of the 
incisors may be banded and a metal shelf or plane attached to their 
lingual surfaces. Such appliances are shown in Fig. 205. 

In addition to controlling the over-bite, such appliances also have 
a decided influence in maintaining the normal mesio-distal relations 
of the arches for in the act of occlusion, the lower incisors must slide 
forward to the lowest point of the plane which brings them in con- 
tact with the lingual surfaces of the upper incisors and at the same 
time establishes the buccal teeth in their correct relations. 

The problem of controlling the over-bite is not limited to those 
cases where an abnormally deep over-bite is the tendency to be 
combated, for sometimes we have the reverse of this condition; viz.: 
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where an open bite has been present before treatment. While 
such cases are less frequent in occurrence than the other type, the 
necessity for their control is equally urgent. 




In providing the mechanical means for sustaming the occlusion 
of such cases, the mechanisms should be made as delicate as will be 
consistent with the degree and manner of support required, for 
unfortunately at best, it is frequently necessary to use labial arch 
wires and provide many of the teeth with bands. The appliances 
used during the active treatment period may sometimes be continued 
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to advantage with perhaps modifications toward lessened bulk and 
greater comfort and cleanliness. Delicate iridio-platinum bands 
may be provided for the anterior teeth with open tubes soldered 
upon their labial surfaces for the attachment of the arch wire. 
Hooks for the attachment of light intermaxillary elastics are soldered 
to the arch wire at points of advantage and after a careful adaptation 
of the arch wire, as a result of which it should be made to lie passive 
in all its relations to the attachments, the open tubes may be closed 
by pressing their outer edges together with a pair of pliers. The 
plan described is shown in Fig. 206. In using such a combination 
of appliances for retention, delicate arch wires may be employed, 
wire 0.03 of an inch in diameter proving ample. The same principle 
may be applied by using lingual arch wires in conjunction with 




Fig. 206. — A means of retention where an open-bite malocclusion has been corrected. 



bands upon the teeth needing support, the media of attachment 
between the bands and the arch wire being the same, or suitable 
hooks may be used if desired. In this event, a means for the 
attachment of the intermaxillary elastics must be provided by 
soldering hooks on the upper and lower cuspid bands. This however 
subjects these teeth to added strain and therefore is not as desirable 
as the plan where pressure from the elastics is more evenly divided. 
The Duration of Retention.— The period of time through which 
retaining appliances should be worn varies greatly in different cases, 
ranging from a few weeks to a year or longer. No set rule governing 
the period may be made. It is safe to assume however that such 
mechanical support is essential until we have reason to feel that the 
recently moved teeth and modified arches (if treatment has been 
this extensive) have become harmonized in function with all the 
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forces to which they are subject. When in the judgement of the 
orthodontist, this point has been reached, the appliances may be 
removed. This done, the case should be kept under close observa- 
tion and if unfavorable changes become apparent, the appliances 
should be replaced and worn until conditions warrant their removal. 

Where treatment has involved both arches, it is a safe plan to 
remove the a])pliances from but one arch at a time, allowing several 
months to ela})se before removing the remaining retainer. By 
following this })lan, there is less likelihood of unfavorable changes 
(if they do occur) progressing to the point where retreatment may 
be necessary. 

One of the advantages in using the Ilawley retainer is to be found 
in the fact that after wearing it continually through a period deemed 
adequate by the operator, its use may be discontinued in the day- 
time and worn only at night, thereby providing a check against 
unfavorable changes. If this plan proves sufficient, it may after a 
period of months be left out entirely for a week and then tried in. 
If it has a tendency to bind or go in hard, it will indicate that the 
teeth are changing and that half time or all time wearing must be 
resumed. 

Throughout the period of retention, all cases should be kept under 
careful observation, being seen frequently enough so that the appli- 
ances may be kept in perfect repair. Adequate prophylactic mea- 
sures should be provided so that the teeth and their investing tissues 
may have the degree of health which will aid in making permanent 
the benefits conferred through orthodontic treatment. 
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effect of, 79 
Occlusion, forces governing, 34 
labial and buccal relations, 31 
lingual relations, 32 
line of occlusion, 33 
normal relation of teeth and arches 
in, 30 
Open bite, 233, 247, 295 
Oppenheim's evidence in tooth move- 
ment, 157 
Orthodontia, 17 

aims and benefits of, 18 
appliances, 175 

operation of, 197, 211, 225 
requirements of, 176 
types of, 177 
biological factors, 23 
definition of, 17 
nature of problem, 22 



Roentgenograms, advantageous meth- 
ods, 149 

indications for use of, 142 
Rogers* bite plane, 294 

exercises for muscles, 279 



S 



Separating impressions from models, 

129 
Simple anchorage, 180 
Soldering attachments, 193 

bands, 190 
Stability of attachment, 176 
Starting treatment, 198, 237 
Stationary anchorage, 181 
Strength in appliances, 177 
Supernumerary teeth, 65, 103 
Supra-occlusion, 39 
Syphilis, 73 



Permanent teeth, loss of, 58 
tardy eruption of, 64 
Photographs of patients, 139 
Pin and tube appliance, 195 
Pituitary gland, relation to develop- 
ment, 76 
Plaster of Paris for impressions, 726 
Premature loss of deciduous teeth, 57 
Preparation of mouth for appliances, 

198 
Pressure for tooth movement, 158, 160, 

172 
Prolonged retention of deciduous teeth, 

63 
Psychology of habits, 89 



R 



Reciprocal anchorage, 181 
Respiration, relation of lips, teeth and 

tongue to, 37 
Retaining appliances, 285, 287 
Retention, 278 

duration of, 295 
Rickets, effect of, 75 
Roentgenograms, 142 



Tardy eruption of permanent teeth, 54 
Thumb sucking, 93 

Thyroid gland, relation to develop- 
ment, 76 
Tissue changes in tooth movement, 

153, 197 
changes on labial, in 
lingual move- 
ment, 165 
on lingual, in 
labial move- 
ment, 163 
depression, 169 
effect of intense pres- 
sure, 160 
elongation, 167 
labial movement, 160 
old theories, 154 
Oppenheim's evi- 
dence, 157 
summary of facts, 
171 
Tongue, abnormal, 106 

biting, effect of, 91 
Tonsils, effect of, when diseased, 80 
Torso-occlusion, 39 
Transposed teeth, 68 
Trays for impressions, 126, 132 
Treatment of cases, 236 

age most favorable, 21, 236 
Class I cases, 238 
Class II cases, 250 
Class III cases, 259 
post-treatment measures, 278 
where permanent teeth are 
absent, 268 
Trimming models, 137 
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Varnishing modelling compound im- 
pressions, 136 
plaster impressions, 127 



W 



Wire arches, 184 

labial arch wires, 185, 187 



Wire arches, lingual arch wires, 188 

attachments for, 195 
materials for, 184, 
185 



Young-Angle l()(;k, 201 
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